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DEFINITIONS  FROM  AFR  800-11 


Acquisition  Management 
LIFE  CYCLE  COST  MANAGEMENT  PROGRAM 


Acquisition  -  The  aggregation  of  efforts  related  to  developing, 
producing,  and  deploying  a  product  to  the  user. 

Acquisition  begins  w* th  approval  of  a  mission 
need  and  ends  when  the  last  unit  is  provided. 

Life  Cycle  Cost  -  The  total  cost  of  an  item  or  system  over 
its  full  life.  It  includes  the  cost  of 
acquisition,  ownership  (operation,  maintenance, 
support,  etc.)  and,  where  applicable,  disposal. 

To  be  meaningful,  an  expression  of  life  cycle 
cost  must  be  placed  in  context  with  the  cost 
elements  included,  period  of  time  covered, 
assumptions  and  conditions  applied,  and  whether 
it  is  intended  as  a  relative  comparison  or 
absolute  expression  of  expected  cost  effects. 

Acquisition  Cost  -  The  cost  of  research,  development,  test,  and 
evaluation  (RDT&E)  ,  production  or  procurement 
of  the  end  item,  and  the  initial  investments 
required  to  establish  a  product  support 
capability  (e.g.,  support  equipment,  initial 
spares,  technical  data,  facilities,  training, 
etc, ) , 

Ownership  Cost  -  The  cost  of  operation,  maintenance,  and  follow-on 
logistics  support  of  the  end  item  and  its 
associated  support  systems.  The  terms  "ownership 
cost"  and  "operating  and  support  cost"  are 
synonymous . 

Design-to-cost  -  An  acquisition  management  technique  used  to  control 
a  product's  life  cycle  cost.  The  technique  embodies 
establishment  of  "design  to"  cost  goals  for  the 
new  product,  early  in  the  acquisition  effort.  The 
goals  usually  relate  to  significant  segments  of 
the  product's  life  cycle  cost,  e.g.,  RDT&E,  production, 
and  operation  and  support.  The  technique  applies  only 
to  acquisition  or  modification  programs,  which  involve 
design  effort.  Where  establishment  of  a  dollar  figure 
is  impractical.  Air  Force  policy  recognizes  that 
suitable  non-dollar  parameters  may  be  used  instead 
(e.g.,  MTBF,  gallons  per  hour,  numbers  of  personnel, 
etc. ) . 
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DEFINITIONS  FROM  AFR  800-28 


Acquisition  Management 

AIR  FORCE  POLICY  ON  AVIONICS  ACQUISITION  AND  SUPPORT 


Avionics  -  All  the  electronic  and  electromechanical  systems 
and  subsystems  (hardware  and  software)  installed 
in  an  aircraft  or  attached  to  it.  Avionics  systems 
interact  with  the  crew  or  other  aircraft  systems  in 
these  functional  areas:  communications,  navigation, 
weapons  delivery,  identification,  instrumentation, 
electronic  warfare,  reconnaissance,  flight  controls, 
engine  controls,  power  distribution,  and  support 
equipment . 

Avionics  Architecture  -  A  disciplined  approach  to  defining  how 

the  avionics  suite  is  integrated  with  the 
aircraft  and  crew.  It  includes  the  infor¬ 
mation  that  must  flow  between  the  air¬ 
craft,  the  crew,  and  the  avionics  suite. 

Thus,  the  language  used  in  processing  the 
software,  the  cabling  (hardwired  versus 
multiplexed  busing) ,  the  processing  of 
data,  the  control  and  switching,  and  most 
importantly,  the  interfact  criteria  are 
all  parts  of  the  avionics  architecture. 

Avionics  Commonality  -  Using  the  same  piece  of  avionics  equipment  in 

two  or  more  different  systems.  This  means 
that  the  equipment  used  in  each  system  duplicates 
that  used  in  another  system  at  all  levels  of 
hardware  and  software. 

Avionics  Interchangeability  -  Exchanging  one  piece  of  avionics  equipment 

for  another  without  changing  the  external 
interfaces  on  the  avionics  architecture. 
This  does  not  imply  equipment  commonality, 
but  only  that  the  two  pieces  of  equipment 
are  compatible  in  form,  fit  and  function. 

Avionics  Master  Plan  -  An  Air  Force  plan  that  integrates  all  avionics 

planning,  acquisition,  modification,  and  support 
with  mission  and  functlo »al  area  planning.  The 
purpose  of  the  Master  Plan  is  to  provide  cost- 
effective,  time-phased  avionics  that  meets  the 


needs  of  present  and  future  aeronautical 
systems.  It  is  an  evolving  plan  extending 
into  the  future,  and  it  must  be  responsive 
to  changing  needs,  technology,  and  system 
concepts. 

Avionics  Standards  -  The  specifications  and  design  requirements 

that  every  avionics  design  and  equipment  must 
comply  with. 

Avionics  Suite  -  A  listing  of  Installed  or  planned  equipment  needed 
to  provide  the  mission  capabilities  of  the  weapon 
or  aircraft  system  involved. 

Interface  -  A  boundary  or  a  point  common  to  two  or  more  pieces  of 

equipment  at  which  necessary  information  flow  takes  place. 

Interoperability  -  The  ability  of  systems  to  provide  information  to, 
and  accept  information  from,  other  systems  and  to 
use  the  information  exchanged  to  operate  together 
effectively. 

Standard  Avionics  -  Those  pieces  of  common  avionics  equipment  that 

perform  a  particular  function  for  more  than  one 
system. 
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SECTION  I 


INTRODUCTION 


1.1  BACKGROUND 

The  concept  of  avionics  standardization  has  continued  to 
receive  considerable  attention  in  recent  years.  Avionic  systems 
proliferation,  resulting  primarily  from  rapidly  increasing 
technology,  has  and  will  continue  to,  increase  system  life-cycle 
costs.  Included  in  these  costs  are  those  for  research  and 
development,  production,  and  operation  and  support.  Individually 
developed  systems  incur  separate  costs  in  each  of  these  areas. 

Recent  cost  estimates  show  that  research  and  development  accounts 
for  10-25%  of  avionic  systems  life-cycle  cost,  while  production 
comprises  33-75%,  and  operation  and  support  consumes  the  remaining 
50-70%  (sample  data  from  Reference  1;  References  2,3). 

As  a  result.  Air  Force  efforts  toward  avionic  standardization 
has  increased  considerably.  This  is  evidenced  by  establishment  of 
the  Air  Force's  Deputy  for  Avionics  Control.  This  office,  ASD/AFALD/AX, 
Is  responsible  for  development  and  administration  of  the  Avionics 
Master  Plan.  Briefly,  the  Avionics  Master  Plan  aids  in  control  of  the 
avionics  acquisition  process.  It  serves  as  a  baseline  against  which 
all  programs  are  compared  with  the  objective  that  force-wide  standardi¬ 
zation  is  continually  pursued  (Reference  2). 


Positive  gains  toward  standardization  have  been  made.  These 
include  adoption  of  the  MIL-STD-1553  family  of  multiplex  bus 
standards,  the  MIL-STD-1750  Instruction  set  for  avionics  computers, 
and  the  J-73  Higher  Order  Language,  MIL-STD-1589 ,  for  Avionics 
Operational  Flight  programs.  These  represent  only  the  beginning. 
Higher  development,  procurement,  and  support  costs,  constrained 
severely  by  limited  budgets,  and  critical  personnel  and  support 
shortages,  require  continued  top-down  objective  avionic  systems 
acquisition  (Reference  4).  New  technologies  must  be  efficiently 
merged  with  avionic  system  designs  to  develop  affordable,  mission 
capable  systems.  These  systems,  possessing  previously  unimagined 

i 

capabilities,  must  be  skillfully  designed  and  managed  to  fit  within 
severe  constraints  of  budget  and  personnel. 

Assuming  that  technology  had  advanced  sufficiently  to  allow 
avionic  systems  development  to  meet  most  stringent  mission  require¬ 
ments,  minimal  loss  is  expected  for  using  high  technology  equipment 
in  less  demanding  scenarios.  The  tradeoff  would  be  in  paying  much 
of  the  life-cycle  cost  for  an  avionic  system  only  once,  easing  budget 
and  personnel  constraints.  Intuitively,  it  follows  that  considerable 
savings  could  be  gained  by  standardizing,  rather  than  proliferating, 
avionic  systems. 

In  an  attempt  to  quantify  these  projected  cost  benefits  to  be 
gained  from  standardization,  the  Air  Force  Avionics  Laboratory,  under 
contract  with  The  Analytic  Sciences  Corporation  (TASC),  has  developed 
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the  Standardization  Evaluation  Program  (STEP)  model  to  quantify 
life-cycle  cost  benefits  gained  from  standardization.  TASC 
developed  the  STEP  program  and  applied  it  to  assess  standardization 
potential  of  various  navigation  systems.  The  report  by  TASC 
(Reference  5)  documents  use  of  the  STEP  program  and  navigation  system 
analyses.  The  results  of  the  projected  benefits  available  when 
standardization  concepts  are  employed  in  a  top-down  avionic 
system  planning  mode  are  shown  in  Tables  I  and  II,  page  5. 

A  follow-on  contract  to  TASC  resulted  in  the  Air  Force  acquisition 
of  the  STEP  model,  and  extensions  to  STEP  program  capabilities.  The 
avionic  systems  data  base  was  expanded  from  navigation  systems  to 
include  a  wider  scope  of  avionic  equipment.  The  second  effort  resulted 
in  expanded  Air  Force  life-cycle  cost  modeling  capabilities  by: 
a)  the  use  of  STEP  to  handle  a  wide  variety  of  standardization  evalua¬ 
tion  problems  ranging  from  global  planning  studies  to  local  life-cycle 
cost  evaluations;  b)  allowing  schedule-orientation  to  recognize  prior 
use  of  applicable  equipment,  as  well  as  to  project  future  technological 
capability;  and  c)  allowing  evaluation  of  the  effects  of  standardization 
by  following  a  detailed  spec  or  standardization  through  conformance  to 
a  form,  fit  and  function  (F^)  specification  (Reference  6). 

The  STEP  program  is  installed  on  the  ASD  CDC  Cyl^er  175  computer 
system,  and  is  available  through  AFAL  for  use  by  the  DOD  community. 

1.2  TECHNICAL  APPROACH 

The  technical  approach  for  life-cycle  costing  of  comparative 
radar  systems  is  based  on  the  use  of  the  STEP  model.  The  model  was 
used  to  compare  life-cycle  costing  of  individually  developed  radar 
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GLOBAL  LCC  BENEFITS  OF  ALTERNATIVE 
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subsystems  for  each  aircraft  application  with  using  common  (to 
maximijm  extent  possible)  radar  subsystems  across  a  spectrum  of 
applicable  aircraft.  The  applicable  radar  subsystems  comprising 
Che  Common  Multi-Mode  Radar  are  listed  in  Table  III. 

It  is  necessary  to  discuss  one  major  assumption.  It  is 
recognized  Chat  Che  scope  of  missions  for  the  applicable  aircraft 
is  as  diverse  as  the  list  of  aircraft  Itself.  Thus,  it  is  recog¬ 
nized  Chat  radar  systems  specifications  are  different  for  each 
mission  requirement.  It  is  assumed,  therefore,  that  the  systems 
specifications  of  the  Common  Multi-Mode  Radar  are  sufficient  to  meet 
Che  most  demanding  requirements,  and,  thus  represent  acceptable 
levels  of  over-specification  for  aircraft  with  less  stringent 
requirements. 

Costing  input  for  STEP  was  obtained  from  various  sources, 
including  ASD/EN  (Mr  Ron  Longbrake) ,  Air  Force  planning  guides,  and 
cost  estimates  from  the  RCA  PRICE  models.  The  price  of  software 
development,  acquisition,  and  maintenance  was  not  considered  in  the 
STEP  analyses. 

1.3  SUMMARY  OF  RESULTS 

The  STEP  analysis  results  for  the  Common  Multi-Mode  Radar 
system  are  shown  in  Table  IV,  page  8.  The  projected  cost  savings  for  the 
standard  radar  compared  to  individually  developed  systems  is  on  the 
order  of  2  to  1.  Significant  savings  resulting  from  standardization 
appeared  in  all  areas  of  life-cycle  costing,  (R&D  production,  operation 
and  support).  In  addition,  higher  production  quantities  are  expected 
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TABLE  III 


RADAR  COMPONENTS /APPLICABLE  AIRCRAFT 


RADAR  SUBSYSTEM 

APPLICABLE  AIRCRAFT 

Antenna 

F-106,  F-4E,  F-16,  B-52G 

B-52H,  FB-111,  F-lllA,  F, 

Transmitter 

"  (same  as  above) 

Receiver /Exciter 

"  (same  as  above) 

Signal  Processor 

"  (same  as  above) 

Computer 

"  (same  as  above) 

Pulse  Transmitter 

F-106 

CW  Illuminator 

F-4E 

Control  &  Display 

F-106 

Control  &  Display 

B-52G,  H 

Terrain  Following  Radar 

FB-111,  F-lllA,  E,  D,  F 

TABLE  IV 


GLOBAL  LCC  BENEFITS  OF  COMMON  RADAR  SUBSYSTEMS  (LRU  LEVEL) 

ASSUMPTIONS : 

•  CASE  1  -  Standard  Subsystems  Applied  in  each  Aircraft 

•  CASE  2  -  New  Subsystems  Developed  for  each  Aircraft 

-  Cost  Characteristics  for  each  new  Subsystem  and 
Standard  Subsystem  are  Initially  Identical 

RETROFIT 


AIRCRAFT 

ORDER 

CASE  1 

CASE  2 

F-106 

1 

531  M 

531  M 

F-16 

2 

381  M 

602  M 

B-52G 

3 

182  M 

456  M 

B-52H 

4 

97  M 

310  M 

F-4E 

5 

366  M 

809  M 

FB-111 

6 

62  M 

235  M 

F-lllA 

7 

63  M 

260  M 

F-lllE 

8 

53  M 

271  M 

F-lllD 

9 

54  M 

250  M 

F-lllF 

10 

61  M 

259  M 

1850  M 

3983  M 

BENEFITS 

FROM  STANDARD  RADAR 

CASE  2:  3983  M 

CASE  1:  1850  M 

2133  M 
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to  yield  lower  cost,  and  more  reliable  units,  Increasing  Mean 
Time  Between  Failure  (MTBF).  This,  in  turn.  Is  expected  to  reduce 
maintenance  costs,  logistics  costs,  training  costs,  and  tech  order 
and  manual  publication  costs. 

ASD  PRICE  estimates  for  the  Common  Multi-Mode  Radar  Program 
projected  savings  on  the  order  of  .500  billion  dollars.  Projected 
savings  from  the  STEP  model  are  on  the  order  of  2  billion  dollars. 

The  two  figures  cannot  be  directly  compared  due  to  differences  in 
factors  considered  by  each  model.  One  primary  difference  is  in  the 
area  of  equipment  configuration.  The  STEP  analysis  considered  a 
different  quantity  of  Items  from  the  ASD  PRICE  analysis,  and  some 
equipment  Items  considered  In  the  STEP  analysis  was  not  considered 
In  the  ASD  PRICE  analysis.  In  addition,  the  STEP  model  considers 
benefits  (and  costs)  due  to  standardization,  and  the  PRICE  model  does 
not.  The  results  section  of  the  report  (Section  V)  gives  explicit 
system  cost  breakdowns,  and  expected  cost  savings  resulting  from 
radar  system  equipment  standardization. 

The  next  section  discusses  the  details  of  the  ASD  Common  Multi- 
Mode  Radar  progrfun  and  states  the  conclusion  of  the  ASD  cost  studies. 


SECTION  II 


COMMON  MULTI-MODE  RADAR  PROGRAM 

The  ASD  Common  Multi-Mode  Radar  Program  is  considered  to  be 
a  high  priority  standardization  initiative  (Reference  7).  This 
radar  program  meets  selection  criteria  set  out  for  candidate 
standardized  avionics.  These  criteria  state  that  standardization 
candidates  use  mature  technology,  have  an  architecture  suitable 
for  standardized  Interfaces,  have  multiple  aircraft  applications, 
and  are  needed  in  quantities  large  enough  to  realize  savings  in 
production  and  support  costs.  In  addition,  the  standardization 
of  a  program  must  be  determined  to  be  cost-effective. 

Technology  advances  in  digital  signal  processing  devices  have 
resulted  in  significant  radar  system  Improvements,  specifically, 
the  development  of  the  Progrananable  Signal  Processor  (PSP).  Changes 
to  radar  modes  can  be  accomplished  through  software,  instead  of  costly 
hardware  changes.  The  Hughes  APG-65  Multi-Mode  Radar,  currently  in 
production  for  the  Navy  F-18,  represents  the  second  generation  of 
the  Air  Force  F-15/APG-63  radar.  The  F-15/APG-63,  as  originally 
configured,  included  a  hardwired  signal  processor.  An  update  to  this 
radar  would  Include  a  programmable  signal  processor.  A  feasibility 
study  investigated  the  application  of  the  PSP  updated  radar  to 
several  aircraft,  a  requirement  which  originated  from  a  need 
to  update  the  low  reliability  F-106  radar  system. 
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The  common  radar  hardware  study  (Reference  8)  was  conducted  by 
an  Independent  Review  Team  (IRT)  with  members  from  ASD/ENA,  ASD/AX, 
ASD/ACC,  AFALD,  \FAL,  ADCOM,  TAC,  SAC,  AFLC,  SAALC,  WRALC,  SBALC 
and  OCALC. 

The  purpose  of  the  IRT  was  to  evaluate  the  F-106  radar 
modification/replacement  options,  and  determine  if  the  use  of  common 
radar  hardware  for  various  USAF  aircraft  application  is  advantageous. 
They  were  to  Identify  common  portions  of  the  radar  system  and 
determine  required  radar  performances  for  various  applications. 

Among  the  issues  considered  were:  a)  retrofit  costs  for  common 
radar  hardware;  b)  cost  effectiveness;  c)  applicable  aircraft; 
d)  performance  requirements;  e)  common  components;  and,  f)  applicable 
radar  systems. 

The  radars  considered  for  replacement  were  the  F-4E's,  AN/APQ-120 
F-106  A/B's  MA-l/ASQ-25,  F-111  and  FB-lll's  AN/APQ-113/114/144/130, 
B52G/H's  ASB-9A/16  and  ASG-15/21.  Other  potential  application  for  the 
common  radar  systems  included  the  F-16  A/C  //651  and  subsequent,  CMCA 
Fire  Control  System  Radar,  the  RX  (RF-16  etc.).  Enhanced  Tactical 
Fighter  (ETF),  and  A-7.  Candidate  radar  systems  applicable  to  the 
Common  Multi-Mode  Radar  Program  Include  the  F-16  Radar,  the  AN/APG-65 
(F-18) ,  AN/APG-63  (F-15),  and  Electronically  Agile  Radar  (EAR). 

The  IRT  concluded  on  Common  Multi-Mode  Radar  system  installation 
on  the  F-16,  F-106,  F-4E,  F-111  A,  E,  D,  and  F,  FB-111,  B-52G/H  Bomb 
Nav  and  Fire  Control  System  installations  as  being  feasible  with 


existing  Radar  Line  Replaceable  Units  (LRU's).  The  F-16  Installation 
presented  the  most  severe  installation  constraints. 

The  ost  analysis  approach  was  to  estimate  acquisition  and 
logistics  support  costs  for  incorporating  the  new  radar.  These 
costs  were  determined  using  the  RCA  PRICE  H  (Hardware)  model,  a 
parametric  cost  predicting  model.  Inputs  to  PRICE  H  include 
physical  properties,  quantities,  scheduling,  etc.  The  Air  Force 
Logistics  Command  Logistics  Support  Cost  (LSC)  model  was  also 
used  in  estimating  support  costs. 

Conclusions  from  the  IRT  study  were: 

1)  Technology  was  sufficiently  advanced  that  a  Common 
Multi-Mode  Radar  could  be  considered  for  multiple 
aircraft  application. 

2)  Significant  savings  could  be  realized  by  using  a 
common  system  ($500M). 

3)  Common  Multi-Mode  Radar  capabilities  would  include 
air-to-air  and  air-to-ground  modes  with  sufficient 
performance  for  effective  operation  in  the  post 
1985  environment. 

Under  the  anticipated  program  supporting  the  Common  Multi- 
Mode  Radar,  objectives  would  be  to  fabricate  and  test  an  advanced 
air-to-air  and  air-to-ground  tactical  radar,  including  hardware  and 
software,  and  to  establish  the  practicality  of  the  Common  Multi- 
Mode  Radar  for  potential  application  to  the  F-16,  B-52,  F-111,  F-106, 
and  F-4  aircraft. 
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The  Common  Multi-Mode  Radar  Program  as  described  provides 
an  excellent  application  for  the  STEP  model.  The  benefits  gained 


from  this  type  of  avionic  system  standardization  are  calculated 
and  estimated  by  the  STEP  model.  A  complete  discussion  of  the 
STEP  model  capabilities  Is  presented  In  the  following  sections. 


SECTION  III 


STANDARDIZATION  EVALUATION  PROGRAM  (STEP) 

3 . 1  STEP  REVIEW 

The  model  description  provided  by  References  5  and  6,  and 
model  documentation,  Reference  8,  Is  thorough  and  well  written. 
This  section,  therefore,  summarizes  Information  presented  in 
these  referenced  reports  to  provide  the  reader  with  technical 
background  regarding  the  use  of  STEP. 

The  Standardization  Evaluation  Program  (STEP)  is  an 
analytic  tool  capable  of  supporting  a  common  avionics  systems 
approach  to  standardization  analysis.  An  overview  of  the  inputs 
to  STEP,  its  outputs,  and  the  STEP-system  analyst  interface  is 
shown  in  Figure  1. 


Fig  1.  Overview  of  STEP  (Ref  6:4-1) 


The  benefits  of  standardization  in  the  past  have  frequently 
been  expressed  in  qualitative  terms.  STEP  represents  a  means  of 
quantifying  these  benefits  and  comparing  standardization  alternatives 
and  lending  credibility  to  specific  equipment  standardization 
programs.  The  application  of  STEP  to  standardization  issues  lies  in 
its  ability  to  quantify  benefits  gained  by  considering  standard 
system  alternatives  over  more  than  one  aircraft  program  and  to  the 
associated  cost  benefits  of  specific  equipments  over  multiple  air¬ 
craft  programs. 

Standardization  implies  the  consideration  of  like  avionic 
systems  for  more  than  one  aircraft  program  and  the  associated  cost 
benefits  identifiable  by  the  use  of  these  standard  systems  over 
multiple  aircraft  programs.  STEP  is  oriented  toward  quantifying 
these  benefits  in  the  case  of  design  standardization.  STEP  is  also 

3 

capable  of  identifying  benefits  of  Form,  Fit,  and  Function  (F  ) 
standardization. 

In  the  area  of  design  standardization,  benefits  derived  are 
from  reduced  (per  unit)  production  cost,  resulting  from  Increased 
production  quantities.  Increased  reliability  and  higher  Mean  Time 
Between  Failure  (MTBF)  reduces  spares  requirements  and  maintenance 
costs.  Initial  logistics  costs  would  be  reduced,  especially  if  both 
or  several  aircraft  were  co-located.  Development  costs,  as  well  as 
direct  costs  associated  with  field  training,  manuals,  and  tech 
orders,  are  also  reduced. 
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3 

STEP  may  also  be  used  to  analyze  Form,  Fit  and  Function  (F  ) 

3 

standardization  issues  concerning  cost.  F  standardization  is  an 

acquisition  concept  in  which  a  common  system  requirement  among 

several  aircraft  is  established  in  terms  of  performance  configuration 

and  external  Interfaces.  The  internal  characteristics  of  the 

system  are,  for  the  most  part,  left  unspecified.  The  objective  of 
3 

the  F  standardization  approach  is  to  promote  competition  and  place 

incentives  among  equipment  manufacturers  over  an  extended  period  of 

3 

time.  In  the  long  range,  F  standardization  increases  procurement 
flexibility.  It  has  the  potential  to  reduce  risk  and  reduce  high 
costs  associated  with  sole  source  procurements. 

3.2  STEP  LCC  EVALUATIONS 

There  are  two  primary  executions  of  the  STEP  model : 

MCSP  vs  LCC  evaluation  of  suite  alternatives. 

Global  LCC  evaluation  taking  standardization  into  account. 

3.2.1  Mission  Reliability  Analyses  Modes  -  MCSP  vs  LCC  Evaluation 
A  prime  consideration  for  standardization  lies  in  the 
technical  requirements  for  the  avionics  suite.  Varying  missions 
have  associated  minimum  acceptable  technical  criteria  for  avionics. 
Mission  reliability  is  an  important  criterion  of  acceptability.  A 
common  measure  of  mission  reliability  is  the  Mission  Completion 
Success  Probability  (MCSP).  This  is  defined  as  the  probability 
that  successful  accomplishment  of  the  defined  aircraft  mission  is 
not  precluded  by  a  failure,  or  combination  of  failures,  in  the 
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selected  avionics  suite.  The  STEP  model  begins  by  selecting  an 
avionics  suite  baseline,  then  calculating  user  provided  MCSP. 

MCSP  analysis  begins  with  a  selection  of  alternative  avionics 
suites  for  the  first  aircraft  considered.  The  lowest  LCC  avionics 
suite  that  meets  the  required  MCSP  Is  selected  as  the  standardization 
baseline.  This  suite  Is  then  evaluated  on  the  second  aircraft,  and 
altered  if  necessary  to  meet  necessary  MCSP  for  the  second  aircraft. 
Standardization  benefits  are  Incorporated  if  common  equipment  in  the 
suite  is  used  in  both  aircraft.  The  iterations  are  continued  until 
all  aircraft  have  been  completed.  Final  global  LCC  figures  reflect 
cost  benefits  resulting  from  the  selection  of  common  equipment  items 
for  different  aircraft. 

This  option  was  not  used  in  the  Common  Multi-Mode  Radar 
program  analysis. 

3.2.2  Global  LCC  Evaluation 

The  uniqueness  of  the  STEP  program  lies  In  the  computation 
of  system  life-cycle  costs  on  a  global  basis:  Total  costs  are 
computed  over  multiple  aircraft,  with  equipment  commonality  between 
different  aircraft  factored  into  LCC  computation. 

Figure  2  illustrates  the  manner  in  which  Global  LCC 
considerations  are  addressed  in  STEP.  Aircraft  are  analyzed  in 
chronological  order  of  scheduled  activation/retrofit  programs.  A 
table  of  "standardization  factors"  is  maintained  for  each  equipment 
that  reflects  the  degree  to  which  that  equipment  has  been  applied 


NEXT 

AIRCRAFT 


Overview  of  Global  LCC  Evaluation  Model  for  S^EP  (Ref  6:4-11) 


on  aircraft  analyzed  to  date  in  the  evaluation.  These  factors 
are  parameters  of  the  LCC  computation  for  the  aircraft  under 
current  evaluation,  and  these  factors  for  associated  equipment  are 
reflected  when  the  avionic  suite  LCC  evaluation  is  complete.  The 
updated  factors  are  then  utilized  in  any  LCC  computation  for 
subsequent  aircraft  programs  that  utilize  this  equipment. 

STEP  does  not  attempt  to  estimate  system  life-cycle  costs 
on  an  absolute  basis.  It  does,  however,  consider  all  major  elements 
of  LCC  which  are  potentially  Influenced  by  standardization  considerations 
and  for  which  sufficient  data  exists  to  evaluate  the  relative 
differences  between  avionics  equipment  technologies.  The  following 
LCC  elements  are  included: 

Hardware  Development 
Support  Equipment  Development 
Hardware  Acquisition 
Support  Equipment  Acquisition 

Technical  Data,  Initial  Training  Field  Support  and 
associated  Non-hardware  Acquisition  Costs 

Initial  Spares 

Recurring  Maintenance  (Intermediate  or  I-Level  and 
Depot  or  D-Level) 

Packaging  and  Shipping 

Support  Equipment  Operation  and  Maintenance 
These  elements  are  evaluated  for  specific  equipment 
utilized  on  specific  aircraft  through  direct  input,  analytic  expres- 


slons,  or  cost  estimating  relationships.  All  are  Impacted  in  one 
way  or  another  by  standardization.  The  detailed  equations  are 
presented  In  Reference  8. 

3.2.3  Data  Inputs 

There  are  four  basic  sets  of  input  data  which  are  set  up 
by  the  analyst  to  perform  the  STEP  evaluation.  These  are: 

Standard  Coat  Factors 
Aircraft/Mission  Data 
Avionics  Equipment  Data 
Equipment  Suite  Definitions 

Generally,  the  first  three  sets  of  data  are  input  initially 
and  changed  Infrequently  thereafter. 

Standard  Cost  Factors  -  These  data  include  program  con¬ 
straints  and  LCC  parameters  that  are  relatively  independent  of  aircraft 
type  and  avionics  technology.  They  are  listed  in  Table  V,  page  22. 

Aircraft/Mission  Data  -  This  data  set  consists  of  a 
referenced  list  of  aircraft  to  be  considered  in  the  study  and  the 
parameters  associated  with  these  aircraft.  Data  are  included  on  inven¬ 
tory  entry  or  retrofit  schedule,  quantities,  and  deployment.  Missions 
are  also  detailed  in  terms  of  mission  phases  pertinent  to  avionics 
system  event  and  phase  duration.  A  listing  of  this  data  is  provided 
in  Table  VI,  page  23.  A  set  of  Table  VI  data  is  required  for  each 
aircraft  to  be  considered  in  the  STEF  analysed. 

Avionic  Equipment  Data  -  This  data  set  consists  of  a 
sequential  list  of  avionics  equipments  and  parameters  associated 
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with  the  cost  and  reliability  of  these  equipments.  Required 
support  equipment  Items  and  associated  cost  factors  are  also 
Incorporated  In  this  area  of  data.  A  listing  of  the  Input  data  Is 
presented  In  Table  Vll,  page  24,and  Table  VIII,  page  25.  Table  VII 
data  describes  the  avionics  equipment,  and  Table  VIII  data  describes 
the  associated  support  equipment. 

Equipment  Suite  Definitions  -  The  equipment  suites  are 
comprised  of  Items  In  the  avionics  equipment  data  set  and  are 
specified  for  all  or  some  of  the  aircraft  Identified  In  the  Aircraft/ 
Mission  data  set.  Input  data  Is  listed  In  Table  IX,  page  26. 

3.2.4  STEP  Outputs 

The  primary  outputs  of  STEP  are  the  results  of  the  Design 
to  System  Performance/Cost  (DSPC)  analysis  (If  requested)  and  of  the 
global  LCC  analyses.  Examples  of  the  global  LCC  outputs  will  be 
discussed  In  Section  V  results.  The  DSPC  analysis  was  not  used  in 
the  Common  Multi-Mode  Radar  application  of  the  STEP  analysis,  and 
examples  of  Its  results  can  be  found  In  References  5  and  6. 
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TABLE  V  (Ref  11;  2-5) 

STDIN  INPUT  VARIABLES 

STEP 

INPUT  VARIABLE  SYMBOL 

Time  Span  of  STEP  Analysis  (years)  LYF 

Total  Number  of  Base  Locations  NBF 

Total  Number  of  CONUS  Base  Locations  NBC 

Availability  Objective  Allocation  Factor  ALLN 

I-Level  Repair  Turnaround  Time  (hours)  TAT 

Resupply  Time  to  CONUS  Located  Bases  (hours)  RSTC 

Resuoply  Time  to  Overseas  Located  Bases  (hours)  RSTO 

Depot  Stock  Safety  Factor  (standard  deviations)  DLY 

Shipping  Time  to  Depot  from  CONUS  Bases  (hours)  BDSC 

Shipping  Time  to  Depot  from  Overseas  Bases  (hours)  BDSO 

D-Level  Repair  Turnaround  Time  (hours)  DRC 

I-Level  Labor  Rate  for  Maintenance  (dollars/hour)  SBR 

I-Level  Materials  Consumption  Rate  (dollars/hour)  SBMC 

D-Level  Labor  Rate  for  Maintenance  (dollars/hour)  SDR 

D-Level  Materials  Consumption  Rate  (dollars/hour)  SDMC 

Support  Equipment  Operation  and  Maintenance  Cost  CSEM 
(%  of  SE  acquisition  cost/year) 

Packaging  and  Shipping  Cost  -  CONUS  (dollars/pound)  SPSC 

Packaging  and  Shipping  Cost  -  Overseas  SPSO 

(dollars/pound) 

Exponent  of  Production  Learning  Curve  for  LC(1) 

Electronic  Equipment 

Exponent  of  Production  Learning  Curve  for  LC(2) 

Radar  Equipment 

Exponent  of  Production  Learning  Curve  for  LC(3) 

Inertial  Equipment 

Exponent  of  Production  Learning  Curve  for  LCSE 

Support  Equipment 

Deoot  Working  Hours/Month/Shift  HMS 

Number  of  Depot  Work  Shifts  NDS 

Suonort  Equinment  Utilization  Factor  UTIL 

(utlllzable  hours/hour) 

Ratio  of  Nonhardware  Acquisition  Cost  to  First  SNHAF 

Uni t  Cos  t 

*Real  (R),  Integer  (I),  or  Alphameric  (A) 


TYPE* 

I 

I 

T 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R. 

R 

R 

R 

R 

I 

R 

R 
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TABLE  VI  (Ref  11:  2-9) 
AIRIN  INPUT  VARIABLES 


INPUT  VARIABLE 


STEP 

SYMBOL 


TYPE 


Initial  Year  of  Installation/Retrofit  Program  IBY(N)^^^  I 
Final  Year  of  Installation/Retrofit  Program  IFY(N)  I 
Installation/Retrofit  Rate  (aircraft/month)  RP(N)  R 
Aircraft  Service  Life  (years)  LIFE(N)  R 
Total  Number  of  Aircraft  NA(N)  I 
Number  of  Aircraft  Base  Locations  NB(N)  I 
Base  Location  Indices  IB(I,N)^  I 
Aircraft/Base  Location  NBA(I,N)  I 
Number  of  Mission  Types  NM(N)  I 
Number  of  Mission  Phases  NPHASE(M,N) '  I 
Mission  Success  Probability  Objective  SPO(M,N)  R 
Missions  Flown  per  Month  NMPM(M,N)  I 
Aircraft  Reliability  K-Factor  XK(N)  R 
Aircraft  Availability  Objective  AO(N)  R 


Notes : 


(1)  N  Indexes  the  aircraft  programs. 

(2)  I  Indexes  the  base  locations  (1, 2, . . . ,NB(N) ) . 

(3)  M  indexes  the  missions  (1,2 , . . . ,NM(N) ) . 


NAVIN  INPUT  VARIABLES 

INPUT  VARIABLE 

Projected  Availability  Date  (year) 

Technology  Type  (Electronics-1, 

Radar-2,  Inertlal-3) 

Failure  Rate  (failures/hour) 

Accumulated  Operating  Hours 

Present  Unit  Acquisition  Cost 

Present  Production  Quantity 

Development  Cost 

Initial  Inventory  Introduction  Switch 

Reliability  Growth  Factor  (Slope  of 
Duane  Curve) 

Number  of  Line  Replaceable  Units 

Number  of  Shop  Replaceable  Units 

Number  of  Piece-Parts 

LRU  Cost  (Fraction  of  Total  Equipment 
Cost) 

LRU  Failure  Rate  (Fraction  of  Equipment 
Failure  Rate) 

Fraction  of  Repairs  Performed  at  I-Level 
Base  Repair  Time  (manhours) 

Depot  Repair  Time  (manhours) 

Weight  (pounds) 

Peak  Depot  Return  Rate  (returns/month) 
Current  Level  of  Depot  Spares 
I-Level  SE  Line  Item  Index 
D- Level  SE  Line  Item  Index 


STEP 

SYmOL 

lYA(I)^^^ 

ITYPE(I) 


FR(K,I) 
T(K,I) 
PC(I) 
NQ(I) 
DC(I) 
ISS(I) 
ALPHA (I) 


(2) 


(3) 


NLRU(I) 

NSRU(J,I) 

NPP(J,I) 

FC(J,I) 

FM(J,I) 

RTS(J,I) 

BRT(J,I) 

DRT(J,I) 

W(J,I) 

DD?(J,I) 

NSPDP(J,I) 

LSEB(I) 

LSED(I) 


(4) 


TYPE 

I 

I 

R 

R 

R 

I 

R 

I 

R 

I 

I 

I 

R 


R 

R 

R 

R 

R 

R 

I 

I 


Notes:  (1)  1  Indexes  the  different  items  of  avionics  equipment. 

(2)  K  Indexes  the  years  In  the  analysis  time  span  (1,2, . . . ,LYF) , 

0  If  equipment  1  is  currently  in  USAF 

(3)  ISS(I)  •  inventory 

1  otherwise. 

(4)  J  Indexes  the  LRUs  of  the  equipment  item  (1,2, . . . ,NLRU(I)) . 
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TABLE  VIII  (Ref  11:  2-17) 
SEIN  INPUT  VARIABLES 


INPUT  VARIABLE 

STEP 

SYMBOL 

TYPE 

SE  Development  Cost  (dollars) 

SED(I) 

R 

SE  Inventory  Introduction  Switch 

ISE(I) 

I 

SE  Unit  Acquisition  Cost  (dollars) 

PSE(I) 

R 

SE  Production  Quantity 

NQSE(I) 

I 

Current  Usage  Rate  (hours/month) 

USET(I) 

R 

Current  Depot  Quantity 

NDEP(I) 

I 

Number  of  Bases  with  SE  Positioned 

NBSE(I) 

I 

SE  Base  Location  Indices 

IBSE(J,I) 

I 

Notes:  (1)  I  indexes  the  different  items  of  SE  on  file. 

0  if  SE  item  I  is  currently  in  USAF 

(2)  ISE(I)  =  Inventory 

1  otherwise. 

(3)  J  indexes  the  base  locations  at  which  the  SE  item 
is  positioned  (1,2, . . . ,NBSE(I)) . 
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TABLE  IX  (Ref  11:  2-21) 


APPIN  INPUT  VARIABLES 

INPUT  VARIABLE 


STEP 

SYMBOL 


TYPE 


Aircraft  Index  N  I 

Number  of  Subsystems  in  Suite  NSSYS  I 

Number  of  Nonredundant  Subsystem  Options  NN(I)^^^  I 

(2) 

Equipment  Indices  for  Nonredundant  Options  ISI(J,I)  I 

Number  of  Redundant  Subsystem  Options  NRO(I)  I 

Number  of  Redundant  Equipments  in  Option  NR(J,I)  I 

(S') 

Equipment  Indices  for  Redundant  Options  ISIR(K,J,I)  I 

Subsystem  Operating  Time  TO(L,M,I)  R 

Mission  Failure  Probability  Given  PA(L,M,I)  R 

Subsystem  Failure 


Notes:  (1)  I  Indexes  the  suite  subsystems  (1 ,2, . . . ,NSSYS) . 

(2)  J  indexes  the  subsystem  options  (1,2, . . . ,NN(I)) 

(1,2 . NRO(I)). 

(3)  K  indexes  the  redundant  equipments  within  an  option 
(1,2,...,NR(J,I)). 

(4)  M  indexes  the  aircraft  missions  (1,2, . . , ,NM(N)) 

L  indexes  the  mission  p  lases  (1,2, . .  .  ,N'’HASE(M,N))  . 
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SECTION  IV 


STEP  ANALYSIS  OF  THE  COMMON  MULTI-MODE  RADAR 

The  Common  Multi-Mode  Radar  program  provides  a  natural  vehicle 
for  the  application  of  the  Standardization  Evaluation  Program  (STEP) 
model.  The  STEP  model  directly  addresses  the  standardization  objec¬ 
tive  of  the  common  radar  program,  STEP  provides  a  comparison  of 
life-cycle  costs  (including  development,  production,  and  operation 
and  support)  between  standard  (common)  and  non-standard  (individually 
developed)  avionic  systems,  as  was  discussed  in  Section  III.  Required 
STEP  input  data  for  the  Common  Multi-Mode  Radar  Program  was  obtained 
from  Mr  Ron  Longbrake,  ASD/EN,  PRICE  H  model  runs,  and  Air  Force 
planning  documents.  This  section  will  discuss  the  Common  Multi-Mode 
Radar  system  parameters  related  to  the  STEP  model  (radar  system 
Input  data  is  listed  in  Appendix  A). 

Section  III  discussed  the  details  of  the  input  data.  Recall 
that  there  were  five  sets  of  input  required.  They  were: 

Standard  Cost  Factors  -  STDIN  (Table  V,  p.  22) 

Aircraft/Mission  Data  -  AIRIN  (Table  VI,  p.  23) 

Avionic  Equipment  Data  -  NAVIN  (Table  VII,  p.  24) 

Support  Equipment  Factors  -  SEIN  (Table  VIII,  p.  25) 

Equipment  Suite  Definitions  -  APPIN  (Table  IX,  p.  26) 

Each  set  of  input  data  will  be  discussed  individually. 

4.1  STANDARD  COST  FACTORS  -  STDIN 

This  input  data  set  Includes  life-cycle  cost  input  variables 


that  are  generally  independent  of  aircraft  and  avionics  equipment 
applications.  The  STEP  analyses  (years)  (LYF)  must  be  at  least 
as  large  as  the  number  of  years  between  installation/retrofit  of 
the  earliest  aircraft  under  consideration  and  the  end  of  the  life 
cycle  of  the  latest  avionics  equipment  considered.  The  following 
constraints  must  be  observed: 

LYF^SO  (1) 

IBY  +  LIFE  ^  LYF  (2) 

where  IBY  is  the  initial  year  of  the  retrofit  program,  and  LIFE 
is  the  aircraft  service  life  (Section  4.2). 

NBF,  total  number  of  base  locations,  must  be  at  least  as 
large  as  the  total  number  of  distinct  base  locations  (CONUS  and 
OSEAS)  at  which  all  aircraft  under  consideration  are  displayed. 

NBF  should  be  less  than  50. 

NBC,  total  number  of  CONUS  (continental  US)  is  indexed  to  99, 
although  there  are  less  than  50  CONUS  bases.  Overseas  bases  are 
Indexed  beginning  at  100.  The  actual  number  of  overseas  bases 
is  10.  Both  NBC  and  NBF  point  to  the  AIRIN  file  (Section  4.2)  input 
variables  NB  (number  of  base  locations),  IB  (base  location  indices), 
and  NBA  (aircraft/base  locations). 

ALLN  (availability  objective  allocation  factors)  represents  the 
fraction  of  the  overall  availability  objective  for  an  aircraft  that 
is  apportioned  to  the  avionics  suite.  For  example,  ALLN  ■■  0.1  would 
indicate  that  10%  of  all  aircraft  downtime  was  due  to  the  particular 
avionic  suite  under  consideration. 
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TAT,  I-(Inteniiediate)  level  repair  turnaround  time  (hours) 
accounts  time  from  unit  removal  from  aircraft  to  the  same  repaired 
unit  returned  to  inventory. 

DRC,  D- (Depot)  level  repair  turnaround  time,  uses  the  same 
accounting  time  procedures  as  does  TAT. 

Inputs  RSTC  through  SPSO,  HMS,  NDS  and  UTIL,  on  the  STDIN 
input  variable  list  are  self-explanatory.  Cost,  shipping,  and 
maintenance  rates  reflect  currently  available  Air  Force  accounting 
figures. 

The  learning  curves  LC(1)  ,  LC(2)  ,  LC(3) ,  and  LOSE  assume  the 
improved  performance  and  increased  effectiveness  of  workers  on 
repetitive  operations.  They  refer,  respectively,  to  the  exponents 
of  production  learning  curves  for  electronic,  radar,  inertial,  and 
support  equipment.  The  respective  values  selected  were  LC(1)  =  0.9, 
LC(2)  =  0.9,  LC(3)  =  0.9,  aid  LCSE  =  1.0.  (LC(1) ,  (2),  and  (3) 

assume  a  lOZ  learning  effect  while  LCSE  assumes  none  for  support 
equipment  because  of  low  quantity. 

SNHAF,  is  the  ratio  of  non-hardware  acquisitions  cost  to  first 
unit  cost.  Non-hardware  acquisition  costs  such  as  technical,  data, 
and  repair  manuals,  training  material,  and  contractor  support  are  not 
addressed  individually.  This  non-hardware  acquisition  cost  is 
assumed  to  be  proportioned  to  the  first  unit  acquisition  cost  for 
the  equipment  and  Incurred  by  the  first  aircraft  program  utilizing 
the  equipment. 


A. 2  AIRCRAFT  MISSION  DATA  FILE  -  AIRIN 

The  Aircraft  Mission  Data  File,  AIRIN,  identifies  the  aircraft 
included  in  the  data  set.  For  the  STEP  evaluation  of  the  Common 
Multi-Mode  Radar  Program,  the  aircraft  included  are  the  F-16,  F-106, 
F-4E,  B-52G/H,  FB-111,  F-lllA/E/D/F. 

The  first  three  variables  relate  the  projected  installation/ 
retrofit  programs  to  specific  aircraft. 

IBY,  initial  year  of  installation/retrofit  program, 

IFY,  final  year  of  installation/retrofit  program,  and 
RP,  installation/retrofit  rate  (aircraft/month) , 
all  relate  to  the  projected  installation/retrofit  program  for  the 
aircraft.  IBY  and  IFY  relatd  specifically  to  the  time  span  of  the 
radar  STEP  analyses.  The  initial  year  of  this  study  is  1979;  there¬ 
fore,  1979  is  indexed  at  1.  The  first  aircraft  deployment  with  the 
common  radar  is  1984;  therefore,  IBY(l)  =  6.  This  indicates  the 
first  aircraft  considered  in  the  STEP  analyses  (F-106)  will  be  in 
consideration  beginning  in  year  6  of  the  STEP  analyses  (1984). 

LIFE,  aircraft  service  life  (years)  refers  to  the  life  span 
of  the  avionics  equipment.  The  projected  life  span  for  the  radar  is 
15  years  for  each  aircraft. 

NA,  total  number  of  aircraft,  is  10  in  this  case, 

NB,  IB,  and  NBA  refer  to  aircraft  force  projections, 

NM,  number  of  mission  types, 

NPHASE,  number  of  mission  phases,  and 
SPO,  mission  success  probability  objectives 
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are  used  in  the  MODE  1  analysis  (3.2.1).  On  the  MODE  2  analysis,  MM 
and  NPHASE  values  are  set  equal  to  1.  This  suppresses  the  appropriate 
subroutines  in  the  STEP  program.  These  variables  point  to  input 
variables  TO  and  PA  in  the  APPIN  file,  and  are  discussed  in  section  4.5. 

NMPM,  number  of  missions  planned  per  month, is  also  aircraft 
dependent  and  is  self-explanatory. 

XK,  reliability  K-factor,  reflects  the  consideration  that  the 
same  equipment  will  display  different  reliabilities  in  different 
aircraft.  Differences  are  a  result  of  the  varying  severity  of  the 
stress  and  usage  environments  on  different  aircraft.  Cargo 
transport  aircraft  possess  the  least  stressful  and  represent  the 
baseline.  A  fighter-attack  aircraft  would  possess  the  most  stress¬ 
ful  environment.  XK  is  defined  as  the  ratio  of  equipment  baseline 
MTBF  to  the  operational  equipment  MTBF  in  the  individual  aircraft. 

The  B-52G/H  XK  factor  is  2.0;  all  others  are  3.0. 

AO,  aircraft  availability  objective,  for  the  radar  study  is 
set  up  to  0.85  for  all  aircraft.  This  information  is  used  in  spares 
requirement  calculations. 

4.3  EQUIPMENT  COST  FACTORS  -  NAVIN 

The  name  -  NAVIN  -  was  selected  during  the  development  of  the 
STEP  program  and  its  application  to  the  navigation  system  standard¬ 
ization  problem.  It  thus  remains  the  title  of  the  equipment  cost 
factors  section.  This  section  identifies  the  avionics  equipment 
Included  in  the  data  set.  For  this  particular  STEP  evaluation,  the 
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equipment  set  consists  of  the  antenna,  signal  processor,  computer 
transmitter,  CW  illuminator,  terrain  following  radar,  receiver/ 
exciter,  controls  and  displays  (B-52).  Each  element  of  the 
equipment  set  has  a  separate  NAVIN  file. 

The  NAVIN  variables  consist  of  avionics  equipments  and 
associated  cost  and  reliability  parameters. 

lYA,  projected  availability  date  (year  index)  is  indexed  at 
6  for  all  aircraft.  The  indexing  procedure  follows  the  method 
used  in  the  AIRIN  file  (section  4.2).  All  equipments  are  scheduled 
for  deployment  on  the  first  aircraft  in  1984. 

ITYPE,  technology  type.  Identifies  the  appropriate  class  of 
the  avionic  subsystem,  Electronics  -  1,  Radar  -  2,  Inertial  -  3. 

FR,  failure  rate,  is  the  inverse  of  the  mean  time  between 
failure  (1/MTBF) . 

T,  accumulated  operating  hours,  is  self-explanatory. 

PC,  present  unit  acquisition  cost,  and  NQ  present  production 
quantity,  refer  to  the  unit  acquisition  cost  and  the  number  of 
production  units  on  which  the  cost  is  based. 

DC,  development  cost,  is  self-explanatory. 

ISS,  initial  inventory  introduction  switch,  is  either  1  or  0. 
ISS(I)  =  1  indicates  that  the  particular  equipment  is  already  in 
Air  Force  inventory;  ISS(I)  =  0  indicates  otherwise,  and  then 
hardware  and  support  equipment  development  cost  is  Included  in  the 
STEP  LCC  calculations. 
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ALPHA,  reliability  growth  factor  is  the  slope  of  the  Diane 
reliability  growth  curve  (Reference  9,  Reference  10; 5-15,  5-16). 

ALPHA  is  used  to  update  the  failure  rate  profile  of  the  equipment 
overtime. 

NLRU,  number  of  line  replaceable  units,  NSRU,  number  of  shop 
replaceable  units,  and  NPP,  number  of  price  parts,  are  self-explanatory. 

PC,  LRU  cost,  breaks  dovm  the  equipment  cost  into  fractions; 
each  fraction  representing  a  specific  LRU  cost  over  the  total 
equipment  item  cost. 

FM,  LRU  failure  rate,  like  FC,  breaks  up  the  total  equipment 
failure  rate  into  fractions.  There,  each  fraction  represents  a 
specific  LRU  failure  rate  over  the  total  equipment  failure  rate. 

RTS,  fraction  of  repairs  performed  at  I-level,  is  self- 
explanatory.  Note:  this  is  entered  for  each  particular  LRU  in 
the  equipment  file. 

BRT,  base  repair  time,  and  DRI,  depot  repair  time,  are  self- 
explanatory. 

W,  weight,  is  self-explanatory  and  refers  to  each  particular 
equipment  set. 

DPP,  peak  depot  return  rate  (number  of  returns  per  month)  and 
NSPDP,  current  level  of  depot  spares,  are  set  to  zero  in  the  common 
radar  study  because  items  are  all  new  equipments. 

LSEB,  1- level  support  equipment  (SE)  line  item  index,  and  LSED, 
D-level  SE  line  item  index  Identify  the  support  equipment  required  at 
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the  base  and  depot  respectively  to  support  the  particular  avionics 
equipment  set.  Base  level  and  I— level  are  considered  the  same 
maintenance  level. 

4.4  SUPPORT  EQUIPMENT  FACTORS  -  SEIN 

The  support  equipment  data  file  identifies  the  support  equipment 
included  in  the  data  set.  In  the  common  radar  study,  the  support 
equipment  set  includes  a  support  equipment  unit  for  the  I-level  and 
one  unit  for  the  depot  level.  For  the  common  radar  study,  the 
specified  I-level  and  D-level  SEIN  items  are  to  be  associated  with 
(used  for  maintenance  of)  all  NAVIN  equipment  set  items. 

SED,  support  equipment  development  cost,  is  self-explanatory. 

ISE,  support  equipment  introduction  switch,  value  is  equal  to 
0  if  the  appropriate  support  equipment  item  is  currently  In  the 
USAF  Inventory  and  1  otherwise. 

PSE,  support  equipment  unit  acquisition  cost,  is  the  current 
unit  cost  for  an  item  based  on  a  production  of  a  quantity.  NQSE, 
support  equipment  production  quantity. 

USET,  current  usage  rate  (hours/month),  NDEP,  current  depot 
quantity,  NBSE,  number  of  bases  with  support  equipment  positioned, 
and  IBSE,  support  equipment  base  location  indices,  are  standardiza¬ 
tion  factors  which  are  Initialized  in  SEIN  and  are  updated  by  the 
STEP  program  each  time  that  an  equipment  for  which  the  support 
equipment  item  is  required,  is  selected  for  an  aircraft  program. 

USET  tracks  the  usage  demand  for  the  item  at  depot,  NDEP,  the 


quantity  currently  positioned  at  depot,  NBSE,  the  number  of  base 
locations  at  which  the  item  is  positioned,  and  IBSE,  the  identifier 
indices  for  these  locations.  For  this  application,  each  common 
radar  program  support  equipment  is  new  and  each  of  these  variables 
is  initialized  at  zero. 

The  following  limitations  apply  to  the  NAVIN  and  SEIN 
variables  included  in  any  STEP  run: 

Number  of  NAVIN  equipments  -  20. 

Number  of  LRU's  in  NAVIN  equipment  set  *  5. 

Number  of  support  equipment  items  ^  40. 

4.5  EQUIPMENT  SUITE  DEFINITION  DATA  -  APPIN 

The  equipment  suite  definition  data  inputs  identify  the 
equipment  configurations  or  configuration  options  for  some  or  all 
of  the  aircraft  identified  by  AIRIN  data  sets.  The  configurations 
are  comprised  of  equipments  Identified  by  NAVIN  data  sets.  The 
first  entry  identifies  the  number  of  aircraft  for  which  equipment 
configurations  are  defined.  The  equipment  configurations  are 
defined  for  all  ten  aircraft  in  the  AIRIN  file.  Data  sets  are  then 
entered  defining  the  configuration  for  each  aircraft.  The  order  in 
which  these  data  sets  are  entered  is  important.  The  order  of  data 
sets  corresponds  to  the  chronological  sequence  of  the  aircraft 
Installation/retrofit  programs. 

N,  aircraft  index,  identifies  the  aircraft  for  which  the 
equipment  configuration  is  being  specified.  For  example,  N  »  3 
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corresponds  to  the  third  aircraft  in  the  AIRIN  data  file,  the 
F-lllA  aircraft  program. 

NSSYS,  number  of  subsystems  in  suite,  defines  the  number  of 
distinct  subsystems  in  the  suite  being  specified  for  this  aircraft. 
Next,  equipment  options  are  identified  for  each  of  these  subsystems. 

NN,  number  of  non- redundant  subsystems  options,  is  self- 
explanatory. 

ISI,  equipment  indices  for  non-redundant  options,  identifies 
the  actual  equipments  corresponding  to  each  subsystem  and  option. 

NRO,  number  of  redundant  subsystem  options,  would  indicate 
2  if  there  were,  for  example  2  like  computers  on  one  aircraft. 

ISIR,  equipment  indices  for  redundant  options.  Identifies  the 
actual  equipments  corresponding  to  each  subsystem  and  option 
which,  in  effect,  points  to  Items  in  the  NAVIN  data  file  by  means 
of  index  Identification. 

TO,  subsystem  operating  time,  and  PA,  mission  failure  probability 
given  subsystem  failure  are  used  in  the  MCSP  vs  LCC  evaluation 
portions  of  the  STEP  analysis.  This  portion  of  the  analysis  was  not 
used  on  the  common  radar  study.  The  duty  cycle  matrix  TO  and  the 
failure  Impact  matrix  PA  are  developed  through  considerations  of  the 
mission  profile  and  phase  table.  TO  identifies  the  operating  time 
of  each  subsystem  in  each  phase  of  each  aircraft  mission.  PA 
specifies  the  mission  failure  probability  given  a  subsystem  failure 
and  must  also  be  defined  for  each  subsystem  in  each  phase  of  each 
aircraft  mission.  This  application  is  detailed  well  in  Reference  3 
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and  the  reader  is  referred  to  this  document  for  a  more  thorough 
discussion. 

The  APPIN  Input  variables  are  subject  to  the  following  limits: 

Number  of  subsystems  In  suite  (NSSYS)  ^  20. 

Number  of  non-redundant  subsystem  options  (NN)  -  10. 

Number  of  redundant  subsystem  options  (NRO)  10. 

Number  of  redundant  equipments  In  option  (NR)  ^  4. 

4.6  APPLICATION  OF  STEP  TO  THE  COMMON  RADAR 
The  application  of  the  STEP  program  to  the  common  radar 

study  was  nearly  direct.  The  only  changes  required  were  in  equip¬ 
ment  set  definitions.  In  the  SPANS  study  the  equipment  baseline 
configuration  consisted  of  the  TACAN,  OMEGA,  radar,  doppler, 
altimeter,  C-IV,  INS,  ADS,  and  computer.  Each  one  of  these 

f' 

equipment  Items  was  treated  as  an  LRU  in  the  STEP  analysis. 

In  the  equipment  file  of  the  common  radar  study,  the  common 
radar  Itself  is  treated  as  an  LRU.  The  antenna,  receiver  exciter, 
computer,  signal  processor,  pulse  transmitter,  CW  Illuminator, 
terrain  following  radar,  controls  and  displays  (F-106) ,  controls 
and  displays  (B-52),  and  transmitter  are  treated  as  SRU's.  These 
SRU's  are  considered  the  equipment  baseline  configuration. 

4.7  STEP  EXECUTION 

I 

The  STEP  Input  data  sets,  as  previously  described,  each  begin 
with  $Namellst  and  end  with  $END. 

The  program  run  specification  data  assigns  the  title  to  the 

run: 
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COMMON  RADAR  STD  LCC 


The  $RUN  data  set  states  the  MODE  of  the  STEP  execution, 

MODE  =  1:  LCC-Mission  Effectiveness  Analysis  of  Suite 

Options 

MODE  =  2:  Global  Life-Cycle  Cost  Analysis 
the  accounting  for  standardization, 

ISKIP  =  0;  Standardization  effects  are  not  reflected  in 
LCC  evaluations 
and  input  listing  in  output, 

INPOUT  =  0:  Listing  in  input  data  is  suppressed 
INPOUT  =  1:  Input  data  is  listed  in  STEP  output. 

This  radar  study  focuses  on  the  cost  benefits  comparison  of 
developing  one  common  radar  system  for  ten  Mission  Design  Series 
(MDS)  versus  developing  ten  unique  radars  for  ten  MDS,  assuming  the 
common  radar  and  the  ten  unique  radars  would  have  similar  capabili¬ 
ties.  A  MDS  refers  to  the  specific  aircraft  type.  The  program  is 
run,  therefore,  in  MODE  2,  Global  LCC  Analysis,  and  is  executed 
twice.  The  final  execution,  ISKIP  =  0,  accounts  for  standardization. 
The  second  execution,  ISKIP  =  1,  does  not  incorporate  standardization 
effects. 

Complete  listings  of  STEP  input  are  presented  in  Appendlcies 
A  and  B.  Appendix  A  is  a  listing  of  the  input  data  file.  Appendix 
B  is  a  listing  of  input  data  as  it  appears  in  STEP  formatted  output. 

The  STEP  program  is  stored  under  the  permanent  file  name 
STEPLM,  and  the  STEP  input  data  is  stored  under  the  permanent  file 
name  STEPDATA.  The  STEP  model  requires  a  specification  for  increased 
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memory,  CM120000,  additional  time,  T5,  and  input  output  1010.  The 
model  was  executed  as  a  batch  process,  input  from  the  INTERCOM  in 
terminal  to  the  ASD  CYBER  computer  system. 

The  required  execution  time  is  approximately  3.2  CP  seconds, 
and  uses  approximately  7.2  CRUS. 

4.8  STEP  OUTPUTS 

This  section  briefly  discusses  the  STEP  output  related  to 
the  analysis  of  the  Common  Multi-Mode  Radar  program.  A  complete 
listing  of  the  output  data  is  given  in  Appendix  C. 

In  MODE  2,  Global  LCC  Analyses,  a  detailed  LCC  analysis 
output  is  generated.  The  output  list  is  broken  down  by  aircraft 
and  each  aircraft  listing  contains  a  description  of  the  radar 
components  associated  with  that  aircraft's  radar  system.  The 
local  life-cycle  cost  of  each  equipment  item  in  the  configuration 
is  discussed.  An  example  is  shown  in  Figure  3.  ' 
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Fig  3.  Local  CMMR  Life-Cycle  Cost  Analysis 
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After  the  aircraft  associated  radar  component  Local  LCC  output  is 
presented  a  Global  LCC  table  is  given.  This  accounts  costs 
accumulated  since  the  start  of  the  STEP  RUN,  and  it  represents 
these  life-cycle  costs  over  all  radar  components  cumulative 
through  the  latest  aircraft  program. 
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Fig  A.  Global  CMMR  Life-Cyc’ ^  Cost  Analysis 

In  the  situation  where  standardization  effects  were  not 
Included  in  the  Life-Cycle  Cost  Analysis,  the  Global  LCC 

outputs,  say,  for  hardware  development  costs  (Fig  A. ,  Line  1) 
would  be  the  sum  of  all  hardware  development  costs  listed  under 
individual  local  life-cycle  cost  output  tables  (Fig  3.,  Llnel) 
would  reflect  one  entry  to  the  sum  . 

Results  from  the  STEP  analysis  will  be  discussed  in  Section  V. 
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SECTION  V 


RESULTS 

This  section  presents  the  STEP  model  LCC  results  for  the 
Common  Multi-Mode  Radar  Program.  Six  runs  of  the  STEP  model 
were  executed  and  all  results  will  be  discussed.  The  six  runs 
are  divided  and  discussed  under  the  following  categories: 

a)  Input  data  from  PRICE  model  estimates 

RUN  1;  LCC  figures  accounting  for  use  of  standard 
systems  across  all  applicable  aircraft. 

RUN  2:  LCC  figures  accounting  for  use  of  individually 
developed  systems  for  each  aircraft. 

b)  Input  data  using  ASD/ENA  reliability  estimates  and 
cumulative  operating  hours  values  of  5000  hours  and  1000  hours. 

RUN  3:  LCC  figures  accounting  for  use  of  standard 
systems  across  all  applicable  aircraft,  cumulative  operating  time 
of  5000  hours. 

RUN  4:  LCC  figures  accounting  for  use  of  individually 
developed  systems  for  each  aircraft,  cumulative  operating  time  of 
5000  hours. 

RUN  5:  LCC  figures  accounting  for  use  of  standard 
systems  across  all  applicable  aircraft,  cumulative  operating  time 
of  1000  hours. 

RUN  6:  LCC  figures  accounting  for  use  of  Individually 
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developed  systems  for  each  aircraft,  cumulative  operating  time 
of  1000  hours. 


5.1  STEP  RESULTS  -  PRICE  DATA  INPUT 

The  input  data  for  runs  1  and  2  was  identical  (a  complete 
input  listing  is  contained  in  Appendix  A).  The  STEP  model  accounted 
for  standardization  in  run  1  but  did  not  account  for  standardization 
in  run  2.  The  absolute  value  obtained  for  LCC  projections  are 
only  estimates,  based  on  current  figures,  and  should  be  used  for 
planning  purposes  only.  The  results  quantify  LCC  differences 
between  using  standard  versus  non-standard  radar  subsystems. 

The  results  from  runs  1  and  2  of  STEP  are  summarized  in 
Table  X.  The  figures  in  Table  X  reflect  projected  cost  of  the 
Common  Multi-Mode  Radar  component  for  applicable  aircraft  programs, 
with  standardization  taken  into  account  in  Case  1.  The  total 
projected  LCC  benefit  gained  through  the  Common  Multi-Mode  Radar 
progreim  is  on  the  order  of  two  billion  dollars.  Stated  another 
way,  using  common  (standard)  radar  subsystem  to  the  maximum  extent 
possible  would  cost  half  as  much  as  using  individually  developed 
radar  systems,  assuming  constant  1979  dollars. 

To  determine  areas  of  cost  savings,  the  cumulative  global  life- 
cycle  cost  figures  can  be  compared.  Table  XI,  Page  44,  shows 
cumulative  costs  (over  all  aircraft  programs)  for  areas  of 
development,  acquisition  and  support. 

Figures  from  Table  XI  show  most  significant  savings  in  the 
area  of  support  equipment  development,  acquisition  and  maintenance. 
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GLOBAL  LCC  OF  COMMON  RADAR  CONCEPTS 


TABLE  XI 


GLOBAL  LCC  BENEFITS  OF  COMMON  RADAR  DESIGN  STANDARDIZATION 


LCC  ELEMENT 

HARDWARE  DEVELOPMENT 
SUPPORT  EQUIPMENT  DEVELOPMENT 
HARDWARE  ACQUISITION 
SUPPORT  EQUIPMENT  ACQUISITION 
NON-HARDWARE  ACQUISITION 
INITIAL  SPARES 
I-LEVEL  MAINTENANCE 
D-LEVEL  MAINTENANCE 
SUPPORT  EQUIPMENT  MAINTENANCE 
PACKING  AND  SHIPPING 
TOTAL 


GLOBAL  LIFE-CYCLE  COST 


STANDARD 

RADAR 

UNIQUE  RADAR 

23 

M 

101 

M 

98 

M 

840 

M 

1373 

M 

1597 

M 

196 

M 

909 

M 

36 

M 

253 

M 

52 

M 

78 

M 

12 

M 

20 

M 

28 

M 

46 

M 

29 

M 

136 

M 

2 

M 

3 

M 

1849 

li 

3983 

IT 

44 


It  is  important  to  factor  into  these  projected  figures,  other  Air 
Force  considerations  and  plans  for  automatic  generic  test  equipment. 
The  model  assumes  that  separate  support  equipment  will  have  to  be 
developed  for  each  unique  radar  system  and  accounts  accordingly. 

This  may  not  reflect  optimum  support  program  decisions,  however. 

Another  Important  area  of  savings  lies  in  non-hardware 
acquisition.  Recall  that  this  term  accounts  for  training,  technical 
order  publication  and  maintenance,  and  other  one-time  costs. 
Significant  savings  is  available  through  the  selecting  of  a 
standard  radar  system  over  uniquely  developed  systems. 

Again,  these  figures  are  projected  costs,  in  constant  1979 
dollars,  and  represent  best  estimates  for  costs  of  future  programs. 

5.2  STEP  RESULTS  -  INPUT  PARAMETER  VARIATIONS 

To  determine  the  sensitivity  of  the  model  to  certain  parameter, 
two  input  parameters  were  varied.  The  Mean  Time  Between  Failure 
(MTBF)  figures  were  charged  to  those  used  by  ASD/EN,  and  then  the 
cumulative  operating  hours  were  changed  from  5000  to  1000.  The 
PRICE  and  ASD  MTBFs  are  shown  in  Table  XII. 

The  results  from  these  parameter  variations  are  shown  in 
Table  XIII,  page  A7. 

Results  from  all  STEP  runs  are  summarized  for  ease  of 
comparison.  There  is  no  significant  variation  of  any  global  life- 
cycle  costing  figures.  Some  variation  does  occur  between  spares 
and  maintenance  costs,  but  the  total  LCC  difference  is  not  significant 


TABLE  XII 


COMMON  RADAR  SYSTEM  MTBFS 


SUBSYSTEM 

(STEPRUNS) 

PRICE  MTBF  (hrs) 

(1.  2) 

ASD  MTBF  (hrs) 

(3.  4.  5.  6) 

ANTENNA 

3788 

860 

TRANSMITTER 

540 

996 

RECEIVER/ EXCITER 

900 

900 

SIGNAL  PROCESSOR 

650 

440 

COMPUTER 

685 

482 

PULSE  TRANSMITTER 

806 

803 

C/W  ILLUMINATOR  (F-4G) 

75 

75 

TFR  (F-111) 

1000 

10000 

CONTROL/DISPLAY  (F-106) 

763 

10000 

CONTROL/DISPLAY  (B-52) 

763 

10000 

COMMON  MULTI-MODE  RADAR  -  INPUT  PARAMETER  VARIATIONS 
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for  the  variation  of  input  data  used  to  obtain  these  runs. 

The  most  significant  individual  variation  noted  is  in  the 
area  of  Intermediate  level  maintenance  cost  (line  7,  runs  1  and  3). 
This  factor  accounts  for  maintenance  at  base  level.  Input 
estimates  reflect  90%  of  the  common  radar  system  maintenance 
would  be  accomplished  at  base  level  (NAVIN  input  file,  RTS  -  .9). 

The  ASD  MTBFs  for  the  antenna,  signal  processor  and  computer  are 
lower  then  PRICE  MTBF  estimates,  and  these  subsystems  would 
require  more  maintenance.  The  Increase  in  I-level  maintenance 
cost  reflects  the  higher  degree  of  maintenance  required  at  I-level 
for  a  lower  MTBF  item. 

No  other  parameter  sensitivities  were  analyzed.  Again,  the 
STEP  program  evaluates  and  quantifies  benefits  due  to  standardization 
and  results  are  estimates  only.  The  accuracy  of  the  output  depends 
directly  on  the  accuracy  of  the  input. 

The  next  section  will  discuss  conclusions  from  the  STEO 
application  to  the  Common  Multi-Mode  Radar  Program,  and  will 
provide  recommendations  for  future  STEP  enhancements. 
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SECTION  VI 


CONCLUSIONS  &  RECOMMENDATIONS 

6.1  SUMMARY  OF  CONCLUSIONS 

Execution  of  the  STEP  model  on  the  Common  Multi-Mode  Radar 
program  has  provided  significant  results  In  terms  of  projected 
cost  benefits  and  STEP  model  experiences.  In  addition,  the  in- 
house  use  of  the  STEP  model  has  provided  valuable  model  experience 
and  well-supported  recommendation  for  the  STEP  model  enhancement. 

Two  conclusions  will  be  presented  and  discussed: 

•  Comparison  of  ASD  and  AFAL  LCC  savings  figures. 

•  Effect  of  support  equipment  cost  on  systems  LCC. 

6.1.1  ASD  and  AFAL  Life-Cycle  Cost  Figures 

The  ASD  Independent  Review  Team  (IRT)  cost  analysis  of  the 
common  radar  system  projected  a  LCC  benefit  of  1/2  billion  dollars. 

The  AFAL  STEP  analysis  of  the  same  program  projected  a  LCC 
savings  of  2  billion  dollars. 

To  explain  the  differences  in  estimates,  several  aspects 
of  the  two  LCC  analyses  must  be  stated: 

•  The  ASD  IRT  used  PRICE  H  and  the  AFLC  Logistics  Support 
Cost  (LSC)  models.  The  AFAL  LCC  analysis  was  done  using  the  STEP 
model. 

•  AFAL  STEP  analysis  assumed  different  equipment  quantities 
and  different  equipment  configurations  from  those  used  in  ASD  IRT 


analysis.  The  different  quantities  are  compared  In  Table  XIV. 

•  The  STEP  model  accounts  for  benefits  of  standardization 
(Learning  Curve  Effect,  Duane  Reliability  Curve,  Co-location  of 
systems  and  associated  support) .  These  factors  are  not  easily 
accounted  for  in  the  PRICE  H  and  LSC  models  used  by  the  IRT. 

•  The  models  used  by  the  IRT  are  parametric,  whereas  the 
STEP  model  is  an  accounting  model. 

TABLE  XIV 

COMMON  RADAR  SUBSYSTEM  QUANTITIES 

SUBSYSTEM _ QUANTITY  IN  ASP  ANALYSIS  QUANTITY  IN  STEP  ANALYSIS 


ANTENNA 

228 

2626 

TRANSMITTER 

2000 

2626 

RECEIVER/EXCITER 

2000 

2626 

SIGNAL  PROCESSOR 

2000 

2626 

COMPUTER 

2000 

2626 

PULSE  TRANSMITTER 

228 

228 

CW  ILLUMINATOR 

— 

685 

TFR  (F-111) 

— 

437 

CONTROLS/DISPLAYS  F-106 

269 

269 

B-52 

269 

The  quantity  differences  shown  in  Table  XIV  can  be  accounted 
for  in  the  common  radar  system  configuration  differences.  The  ASD  IRT 
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analysis  was  performed  on  an  early  configuration  of  the  common  radar  f 

system.  Updated  figures  on  quantity,  applicable  aircraft  installation, 
and  radar  system  configuration  were  made  available  for  use  on  the 
STEP  analysis. 

Three  common  radar  subsystems  accounting  for  the  largest  | 

I 

quantity  difference  were  the  antenna,  CW  illuminator,  and  the  F-111  | 

i 

Terrain  Following  Radar  (TFR).  The  STEP  LCC  analysis  cost  estimates  , 

were  based  on  2400  more  antenna  subsystems  than  the  ASD  IRT  study. 

In  addition,  the  STEP  LCC  analysis  included  685  CW  illuminator  and 
437  F-111  TFR  subsystems.  These  two  subsystems  were  not  included 

in  the  ASD  IRT  analysis.  These  three  quantity  differences  above  ! 

represent  significant  extra  program  cost,  but  also  result  in 

appreciable  extra  savings  when  standardization  is  taken  into  account.  f 

Based  upon  the  quantity  differences  of  the  antenna,  CW  illuminator, 
and  TFR,  the  STEP  LCC  results  estimated  a  750  million  dollar  savings. 

Other  subsystem  quantity  differences  in  the  transmitter, 
receiver /exciter ,  signal  processor,  computer,  and  controls  and  displays 
account  for  another  250  million  dollar  projected  savings. 

When  these  projected  cost  savings  due  to  subsystem  quantity 
differences  are  added  to  the  ASD  figure  of  1/2  billion  dollars,  the 
ASD  projected  savings  figure  can  be  adjusted  to  approximately  1.5 
billion  dollars. 

The  remaining  difference  between  the  STEP  analysis  savings 
projections  (2  billion)  and  the  adjusted  ASD  projected  savings 

I 

(1.5  billion)  can  be  due  to  accounting  and  parametric  variations  in 

f  i 

i 
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name  STEPDATA.  The  STEP  model  requires  a  specification  for  Increased 
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the  models  used. 

The  ASD  IRT  LCC  savings  estimate,  when  adjusted  to  account 
for  quantity  differences,  is  within  33%  of  the  STEP  LCC  analysis 
estimate.  A  portion  of  this  33%  can  be  accounted  for  in  model 
differences.  The  PRICE  H  and  LSC  models  do  not  account  for  co-location 
of  aircraft  and  resulting  benefits  due  to  common  maintenance  and 
support.  The  closeness  of  the  adjusted  ASD  estimate  with  the  STEP 
analysis  estimate  lends  credibility  to  both  results. 

6.1.2  Support  Equipment  Costs 

The  figures  in  Table  XI,  page  44,  project  significant 
savings  available  in  the  support  equipment  areas  of  development, 
acquisition  and  maintenance.  Recall  that  these  figures  compare 
the  cost  associated  with  using  a  single  piece  standard  support 
equipment  versus  developing  different  pieces  of  support  equipment 
to  service  and  maintain  each  non-standard  radar  system. 

Caution  must  be  used  when  estimating  support  equipment 
costs  as  these  costs  can  significantly  effect  the  results.  In  the 
STEP  analysis  discussed  in  this  report,  the  same  costs  were  assumed 
for  both  standardized  and  unique  support  systems.  The  user  must 
account  for  possible  differences  in  support  equipment  costs  -  a 
standard  support  system  may  cost  more  than  uniquely  developed  systems. 
There  is  no  learning  curve  effect  for  support  equipment  because  of 
the  small  quantities. 

As  with  any  cost  estimating  models,  all  input  data  should 
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be  as  accurate  as  possible.  The  support  equipment  figures  were 
Illustrated  because  the  project  cost  savings  due  to  standardization 
were  significant.  The  STEP  model  can  provide  creditable  results 
and  these  results  must  be  used  in  context  with  other  programs  and 
management  decisions. 

6.2  RECOMMENDATIONS 

The  major  result  of  this  study  was  a  demonstration  of  a 
quantitative  approach  to  standardization  issues.  The  STEP  program 
can  be  used  to  analyze  and  compare  alternatives  within  the  three 
dimensions  of  avionics  standardization^ -aircraft,  equipment  and  time. 
These  early  results  provide  insight  into  common  radar  standardization 
and  its  payoffs. 

After  proving  the  cost  savings  of  applying  the  common  radar  across 
several  aircraft  types,  the  first  recommendation  is  to  refine  the  STEP 
methodology — to  develop  an  improved,  easier-to-use  process.  STEP 
in  its  present  form  requires  the  user  to  have  some  knowledge  of 
computer  programming  and  debugging  procedures.  It  is  very  time 
consuming  and  requires  an  extensive  data  base.  STEP  should  be 
developed  with  a  user  Interface  to  reduce  time  consuming  data  Input 
procedures. 

The  STEP  analysis  should  incorporate  an  insight  into  the  level 
of  standardization  that  would  be  most  beneficial — whether  to 
standardize  at  the  LRU,  SRU  or  piece  parts  levels. 

The  STEP  User's  Manual  should  incorporate  a  detailed  definition 


of  all  data  Inputs. 

The  STEP  data  Inputs  should  be  changed  to  incorporate  readily 
available  Inputs,  so  that  data  Inputs  will  not  have  to  be  manipulated 
before  entry. 

STEP  should  consider  the  time  value  of  money.  Inflation  factors 
should  be  incorporated  into  the  model. 

Presently,  the  STEP  program  assumes  that  one  support  equipment 
unit  per  base  is  sufficient  to  accommodate  all  aircraft  located 
at  that  base.  However,  one  support  equipment  unit  may  not  be 
sufficient  to  handle  demand.  A  backlog  of  equipment  to  be  repaired 
and  tested  may  ensue.  The  "D-level  support  equipment  requirements" 
equation  accounts  for  additional  sets  that  may  be  required  to  meet 
demand  at  the  depot.  "l-level  support  equipment  requirements" 
equation  should  be  changed  to  account  for  demand. 

The  STEP  model  outputs  should  include  additional  computations 
not  included  in  the  output.  Included  in  the  outputs  should  be 
easy-to-read  grafts  and  charts  summarization.  For  example,  graphical 
output  of  the  Long  Run  Cost  Curve,  generated  from  STEP  outputs  using 
total  costs  measured  against  the  ten  aircraft  could  be  provided. 

Small  aircraft  programs  should  utilize  existing  equipment  to 
the  maximum  extent  possible. 

Software  cost  estimating  capabilities  should  be  included  to 
project  applicable  software  development  and  software  maintenance  costs. 

To  further  validate  the  STEP  model,  it  is  recommended  that  STEP 
be  applied  to  an  on-going  avionics  system  as  a  method  of  measuring 
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actual  and  predicted  costs. 


STEP  should  include  costs  for  estimating  the  incremental  cost 
associated  with  Interfacing  a  standard  into  different  types  of 
aircraft.  Further  validation  of  the  STEP  process  should  include  a 
sensitivity  analysis  of  the  model. 
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APPENDIX  A 


This  appendix  contains  the  complete  computer  listing  of  the 
input  data  to  the  STEP  model.  This  file  is  the  user  input  file  to 
the  STEP  program. 


COMMON  RADAR  STD  LCC 
tRUN 
MODE-2  « 

ISKIP-It 

INPQUT-l. 

»END 
tSTDiN 
SNHAF- 3b  .0» 

LYF-bO. 

ALLN-0. 10» 

TAT-4a.  » 

RSTC-2A0, « 
RST0-360.« 

DL Y-1 .6b, 

BDSC«2bO. « 

80S0-360. » 

DRC-720. , 

SBR-17. 73, 
SBMC-Z.28, 

SDR-3^. 16, 

SOMC-6. 78 , 
CSEM-O.Ol, 
SPSC-.6b, 

SPSO- 1. 32, 

N8F-109, 

NBC-99, 

LC«  l)-0.9, 

LCI2 )-0.9, 

LCJ  31-0.9, 
LCSE-1.0, 

HMS-IAO. , 


F-106 
iAIRIN 
IBYI l)-6t 
IFy(l)-6« 

RP(L)-23t 

LIFE(1)-L5« 

NA(LI-228« 

IB(  l«L)«2,7t8«14i.l5,  I6«17,l8,19,21«2  2f  2  3,2<i,25« 
NBA(l«L)>18«18«2«Lb«L5*30«  IS *32*18*2*  17,18  «2A*<i, 
NMd  1-1* 

NPHASEt 1*11-1* 

SPO( 1*11 -0.95, 

XK( 11-3.0* 

AOIll-0.85* 

NnPM< 1*1 1-17* 
tENO 


F-<tE 

SAIRIN 

IBY<2l-9* 

IFY(2l-ll* 

KP(21-23* 

LIFE(21-15* 

NA<  2 1 -685* 

NB(21-17, 

IB  I  1 *2 1-1, 2, 3, A,5, 6,8, 11* 13, 100 *101, 102, 103 *10^.  105, 107, 1  08, 
NBA  (  1  *2  I -23,25, 72, 96*55, 61*  36, 2  *10*  18, 58, 12, 25, 48, 3‘t,  115, 8, 
NM121-1, 

NPHASE(l*2l-l, 

SP0(l,2}-0.95, 

NMPMJl, 21-15, 

XK(2l-3., 

A0121-0.85* 

tENO 


}, 


F-lllA 

tAlRIN 

1BY(3)«11, 

IFY(3)-llt 

RP<3I-35, 

LIFE(31-15« 

NA(3)-100« 

NB(31-3t 

IBIl«3)-itl2*13t 

NBA(lt3)-lA«85«l« 

Nni3)-lt 

NPHASEt 1«3}-1« 

SPa(1.3»-0.95. 

XK(3)-3.« 

A0(3)-U.85t 

NMPM< 1.3)«7t 

iENO 


F-lllE 
tAIRiN 
I  bY(<*»*l2, 

IF  Y(<i»-L2, 

RP(4)-35, 

LIFEI<»)-15f 
NA(4)-82t 
NB(A )-8f 

16( «6. 13»28t 109« 
N3A(  -28«2*  Lf 
NM( A)-l, 

NPHASE(l,^J-lt 
SPO( I f ^1-0.95# 

XK( AI-3. « 

AU(A)-0.8^« 

NMPM(l,A)-7« 

SEND 
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F-lllD 
lAIK  IN 

-12. 

IFY(^»-12. 

RP(5>-35« 

L1FE<5»-15. 

NA(5)-88. 

Nb<  5>-3« 

I8C l.b)-l»9. 13, 
N8A<l,5)-7,/8.3. 

NPHASEd.^l-l. 
SPOJ 1.51 -0.95, 
XK(51-3. . 
A0(5I»0.85, 
NMPM(l,51-7, 

SEND 


F-lllF 

tAIRIN 

IBY(6)-12, 

IFY(6)-12, 

RP(61-35, 

LIFE<6)-15, 

NA(61 -98, 

NB(6)-3, 

18(1,61*6,28, 106, 
NBA(1,6)«11 ,3,84, 
Nn(6)-1, 

NPHASE (1,61-1, 
SP0( 1,61-0.95, 
XK(61-3. , 

A0(61 -0.85, 

Nf’PMd  ,61-7, 


I 


FB-lll 

iAIRIN 

IBYI7)>I1« 

IFYI 7)-llt 

RP(7)-23« 

LIFEI7I-15* 

NAJ  7»-69» 

NB(7)-3t 

IBIL«7)-13«26«27« 
NBAIlt7l»Lt26«4)2« 
Nn(7}«L« 
NPHAS£(1«7)-1« 
SPO( l*7»*0.95. 

XK( 7)«2« 

AOC  7)«0.8^« 

N«PM(1»7I-8, 

iENO 


B-52C 

SAIRIN 

IBY(8»-7» 

IFY(8)-8» 

RP( 3)-23« 

LIFE«8I-15, 

MA<8»-172» 

NB(8)-8« 

IB(l»8)-3tl3«29,30t33»35t37*38» 
NBA( 1»8I-IA»  3»28» IA»28»28»28«29, 
NNI8)-1* 

NPHASE(L«81«lt 
SPOdf  8>»0.95t 
XK(8I«2« 

A0l8)-0.8Bt 

NMPHIlt8l-A* 

SEND 
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B-52H 

iAlRIN 

IBY(9)-8« 

IFY(9>-8> 

RP(9»-23» 

LIFE(9l»l5, 

NA(9)«97» 

NB(9)>4, 

I8(1«9)-3L«32«34«36« 
NBA{ 1,9)-I3»28»28t28. 
NM<9)-1# 

NPHASE(  l»9l-l , 
SP0(l*9)-0.95» 
KK<9)>2. 

A0<9I«0.85« 

NMPM( I .9)-4, 
iEND 


F-16 

lAlRIN 
IBY( lO»-6» 

IFY(10)-11» 

RP( 10» -12» 

LIFE(10J-I5t 
MA( lO»-738» 

N8( 10) -4f 
iBt 

NBA(l»l0)*246f7»246t239 
NMI 10)-1 t 
NPHASE(l»lO)*l» 

SP0( l»l0)-0.95» 

XK  C 10) »3. » 

AOI 10) -0.85* 
NMPH(l*lO)»l7, 


ANTENNA 
$NAV1N 
lYACl )-6t 
ITYPEJ l>-2» 

FR( 1«LI«A0*0.00026A* 
Tl I*l»-A0*5000.« 
PCll)«63219.t 
N0( 11-228* 

UC( 1 1-309000. * 

ISS( 1)-1 « 

ALPHAI 1 1-0. 1* 
NLRU(1I«1« 

NSRUf 1*1 )-3* 

NPPI 1*1 ) -0* 

FCI l*l  1-1.0* 

FN(1, 11-1.0* 
RTS(l*l»-0.9* 
8RT(l*ll-5.0* 
0RT(1*1)-S.0* 

1*11 -83.5* 

0DP< 1*1 1*0.0* 

NSP0P( 1. ll-O* 

LSESai-l* 

LSE0(1I-2. 

$ENO 

transmitter 

INAVIN 
IYAI21 -6* 

ITYPE(2  1-2* 

FRI  l*2)-A0A0.00185* 

T ( 1*2 1-AOA5000.* 

PCI2)-98A96.* 

N0I21-228.* 

0C(2I«636000. « 

ISS<21-1* 

ALPHA(21-0.1« 

NLRU12I-1* 

NSRU(1*2)-5* 

NPPI1*21»0* 

FCU*2)-1.0* 

FN( 1.2 l-l.O* 

RTS< 1*2 1-0.9* 
DRTU*2)-5.0* 
8RT(1*2I-5.0* 
1*21-113.5* 

□  DPI  1*21-0.0* 

NSPOP ( 1*21-0* 

LSEB(21-1. 

LSE0I21-2* 

SEND 
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RECEIVER/EXCITER 
iNAVIN 
I YA(3)-6« 
ITYPE(3»«2f 
FR( 1,3 I«A0«0.00L1L 
Ti 1,3>-A0A5000., 
PC«  3)-139<»23.  , 

NOi 31*223. « 

UC(  3)-8I<)00U.  , 

ISS( 3)>l, 

ALPHA(3l-0.l, 

Ni.RU(3)-l, 

NSRU( 1 ,3)-8, 

NPP( l,3)-0, 

EC( 1,31-1.0, 

EMU, 31-1.0, 

RTSd, 31-0.9, 

BRT( 1,31-5.0, 
DRTd, 31-5.0, 
•1(1,31-45.  , 

OOP! 1,31-0.0, 
NSP0Pd,31-0, 
LSeB(31«l, 
LSE0(31-2, 

»EMO 


SIGNAL  PROCESSOR 
iNAVIN 
IYA(41-6, 
ITYPE(41-2, 

FR(1, 41-40*0. 00154 
Td, 41-40*5000., 
PC(41»175418.  , 
NQ(41«228.  , 
OC(4l-851000. , 
ISS(41-1, 

ALPHA(41 -0.1  , 
NLRU(41 -1, 

NSRU( 1,41-4, 
NPPd,41-0, 

FCCl, 41-1.0, 

FNd, 41-1.0, 

RTS( 1,41-0.9, 
BRTd, 41-5.0, 
ORTd, 41-5.0, 

Mil ,41-54.3, 

OOPd, 41-0.0, 

NSPDP(l,41-0, 

LSE8(4I-1, 

LSE0(4l-2, 

iENO 


COMPUTER 
tNAV  IN 
I YAI5)>6f 
ITYPEI5I-?» 

FR( 00146* 
T( Ltb) -40*5000.* 
PCI51-121107. * 
NQ(5>«228.* 
OCI5I-592000. * 

ISS(5>-1* 

ALPHA(5)-0.1* 

NLRU(5)»1« 

NSRU(l*5)-4* 

NPP( 1 *51-0* 

FC( 1*5)-1.0* 

FM( 1*51-1.0* 
RrS(l*5)-0.9* 

BRTI 1*51-5.0* 

ORT( 1*51-5.0* 

W(  1*51  -43.7, 
D0P(l*5)-0.0* 

NSPOPl 1*51-0* 

LSEB(51-1* 

LSED(51-2, 

SEND 


PULSE  TRANSMITTER 
SNAVIN 
IYA(61-6* 
ITYPE(61-2* 

FRI 1, 61-40*0. 00124* 
T( 1 *61-40*5000. * 
PCI61-65350. * 
NQ(6l-228* 
0C(61-405000. * 
ISS<61-1, 
ALPHA(61-0.1 * 
NLRU(61-1* 

NSRUf 1*61-2* 

NPPI 1*61-0* 
FC(1*61-1.0* 

FMI 1*61-1.0* 

RTS( 1*61-0.9* 
BRTIl*61-5.0* 

ORTf 1*61-5.0* 

Ml  1*61-50.0, 

OOP! 1*61-0.0, 
NSP0P(L*61-0, 
LSEB(61-1* 
LSED(61-2* 

SEND 
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C  0(F-L06I 
SNAVIN 
iyA(7)-6t 
ITrPE<  7I»2» 

FR( lt7)«A0«0.00131« 
T( l«7»-A0*5000.. 
PCJ7I-605A2. t 
NQ(7)«269. , 
0CI7)-1313000.« 
ISS(7l-)l, 

ALPHA( 7I-0.1« 

NLRU( 71-1, 
NSRU<1«7I-1« 

NPPI 1,71-Ot 
FC(1*7)»1.0* 
FH(l,71-l.0» 
RTSa*7J-0.9, 

BRT< 1, 71-5.0* 
0RT(l*7l-5.0. 

M( 1*71-30.* 

00P( 1*  7)-0.0* 
NSP0P(l*7»-0* 

LSEB<  71-1* 

LSE04 7)-2t 
iENO 


C  W  ILLUMINATOR  F-5G 
SNAVIN 
IYA( 8» -6* 

ITYPE I8)-2* 

FR<l*8)-A0*. 01333* 

T(1*8I-A0*5000.* 

PC(8)-69000.* 

NQ(8)-685. * 

0C(6}-A900000. * 

ISS(8)-1« 

ALPHA(8l-0.l« 

NLRU(8I-1* 

NSRU(L«8)«3* 

NPP(1*8I«0* 

FCf 1*8)-1.0* 

FMI l*S)-l.O* 

RTSI 1*81-0.9* 
BRT(l«8)-5.0* 

ORT( l*8)-5.0t 
M(l«8)-60.* 

DOPf l*B)-0.0* 

NSPOPI l«8)-0« 
LSEB(8I-1* 
LSE0(8)-2« 
tENO 
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TfK  F-lll 
iNAVlN 
I  YAI9) «6t 
ITYt*Ef9l-2, 

FR( 1 t9l-A0A0.001« 
T(  1«9I  •A0>>5000.« 
PC(9)-185000. « 
NOI9)-A37. « 
DCI9)-1Z000000.« 
ISS(9} -1 , 
ALPHA(9)«0.1« 
NLRU(9I»1« 
NSRUIl«9)-3« 

NPP( lt9l-0* 
FCa,9»*l.0« 

FH( 1,91-1.0* 

RTS( 1,91-0.9, 
BRTd, 91-3.0, 
ORTd, 91-3.0, 

W( 1,91 -1A3., 

OOPCl ,91-0.0, 

NSP0Pd,91-0, 

LSEa<91-l, 

LSE0<91-2, 

tENO 


C  U(B-32C,H1 
SNAVIN 
IYA( 10 1-b, 
ITY?£d01-2, 

FRd  ,101  -<•  0*0. 00131, 
r(  1  ,l0l-‘>0*5000., 
PCd01-603A2.  , 

NOf 101-2b9., 

OCdOl-1313000., 

ISSdOl-1, 

ALPHAI 101-0. 1, 
NLRUdOl-1, 

NSRUd, 101-1, 

NPPd, 101-0, 

FCd  ,101  -1.0, 

F  n  d  ,  1 0  1  -  1 . 0  , 

RTS< 1,101-0.9, 

BRTd, 101-3.0, 

DRTd, 101-3.0, 

Md, 101-30.0, 

OOPd, 101-0.0, 
NSPOPd, 101-0, 
LSEBdOl-1, 

LSED( 101-2, 
iFNO 
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2 

COM  RADAR  l-LEV  S  .E  . 
ISEIN 

SEO<  U -13000000*  « 
ISE( I »-l» 

PSE( l)-1700000.. 
NQSE(1I*1» 

USET(  I  »=*0.0* 

SDEP( 1 »“0» 

NBSE  JU’-Ot 
SEND 

COM  RADAR  0-LEV  S.E. 
iSE  IN 

SE0(2>-1000000.« 

ISE(2»-l» 

PSE<2l-2280000** 

N0SEI2)-1* 

USET(2 )-0.0» 
ND£PI2)-0. 
NBS£(2»-0» 
t£NO 

10 

iAPPIN 

N-l» 

NSSYS-7, 

NNI  U-7*lt 
ISn  If  U-l» 

ISK  If  2)-2f 
ISl(lf3)-3f 
ISI 

ISI (If 

ISI(lf6)-6f 
ISI (If 7l-7f 
NRO( ll-7*0i 
T0( If  If l>*l«8f 

T0( I f I f 2 l-l. 8f 

T0(  If  If 3)*l«8f 
T0(lflf^)*l«8« 

T0( lflf5»-l.8f 

T0( If lf6)-l.8f 

rOdflf  7)-1.8f 
PA( If  If l)-0.0f 

PAdf  lf2I-0.0f 

PA( Iflf 3»-0.0f 
PA( If  If A)-O.Of 
PA(lflf^>*O.Of 
PA( If lf6)-0.0f 
PAdflf7)-0.0f 
t£ND 
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\APPIN 

N-10« 

NSSYS-5, 

NN( 

ISII ltl)-l« 
ISKl  «2)-2« 
ISII 
ISI 

IS  I ( 1 «5)-5, 
NROI l)-5*0, 

TO! 1 «1 «  L 
TO! l»l«2)-L.a  , 
TUI L.L«3)«1.8« 
TO!  L, If  41*1 .8« 
TUI I,l«5)*1.8« 
PAI Ltli  1  )-0.0« 
PAI l,L«2l-0.0« 
PAI  l«l«3l*0.0« 
PAI  l.L«4)*0.0t 
PAI 1,1, 5)»0.0» 
tENO 


(APPIN 

N-8, 

NSSYS»6, 

NNI I )-5*0, 1, 

ISI ll,6)*10, 
NROI 1»*5*1,0, 
N«ll,ll*2, 

NR  I  1,2 )-2, 

NRI l,3)-2, 

NR  I  1,41-2, 

NRI 1,51-2, 
ISIRIl, 1,11-1,1 
ISIRIl, 1,21-2, 2 
ISIRIl, 1,31-3, 3 
ISIRIl, 1,41-4, 4 
ISIRIl, 1,51-5, 5 

rot  1,1,11-10.0, 
10(1,1,21-10.0, 
TO! 1,1,31-10.0, 
Toil, 1,41-10.0, 
TO! 1,1,51-10.0, 
10(1,1 ,61-10.0, 
PAI 1,1,11-0.0, 
PAIl, 1,21-0.0, 
PA(  1,1,31-0.0, 
PA(1, 1,41-0.0, 
PAI  1,1,51-0.0, 
PAI 1,1,61-0.0, 
iENO 


tAPPIN 

N»9, 

NSSrS-6» 

NN(H-5A0,1» 

1SI(L«6)«10« 

NR0(ll«5*li0» 

NR( L«l)«2« 

NR( 1*2 )«2« 

NR(lt3l-2« 

NRa*^)-2t 

NR(L«5)-2« 

ISIR(l«l«l>*l*Lt 

lSIR(Lil«2)*2t2« 

lSIRlltlt3»-3*3f 

T0( l*l»l »»lO.Ot 
TQ( l«l«2  »-lO.O» 
TO* l*l»3)-10.0, 
TO( l«l»A)-lO.O« 
TO(l«L«^>-lO.O. 
TO( 1»1»6)»10.0* 
PA(lfl#l)»0.0» 
PA(l«li2»«0.0« 
PA(l«lt3)*0.0» 
PAI  -O.O* 

PA( l«l»5>*0.0« 
PA( l,l,6J-0.0» 
SEND 


VAPPIN 
N>‘2  t 

NS5YS-6t 

NNtU-6*l« 

I  s  I  ( I .  n »  I  » 

ISI  ( l»2l-2» 
I5I(l»3)-3» 

ISI ( 

lSHlfb)-8» 

NR0«1»-6*0» 

>011*l*2)-l.b» 
TO(l»l«3»-l.b» 
TQt l»l 

TO<  I « I «5 )■! .b» 

TO»  l»Ub)*0. 
PA< l» U I »“0»0» 
PAf l»l*2)-0.0» 
PA( I ,l »3 l-O.O* 
PAl  l»l»<*)*0.0» 
PA( I «l«3 l-O.O* 
^Al  ltl«bl-0.0» 
if  "in 
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tAPPIN 

N*  7 1 

NSSYS-6, 

NN( 

ISI ( l«l )-l« 
lSl(Lt2l-2t 
lSI(l«3)-3t 
(Sit 

1SI(1.5)-S, 

IS  I  (1 «6i-9t 
NR0(ll-6*0t 
TOI ltltl)-3.0« 
TOt ltL«2)-3.0« 
TOt  1  f 1 • 3  )>3.0« 
T  □  (  1 1 1 «  <1 )  -  3 . 0  t 
TOt  L«Lt5  )-3.0« 
TOt  L«lt6)>3.0« 
PAt 1«  L« 1 ) -0.0* 
PA( L«l«2)-0.0« 
PAt  L«l«3)-0.0« 
PA(  1« 1«^) *0.0« 
PAt l»l»5l-0,0» 
PA(  1« 1*6) «0.0t 
lENO 


tAPPIN 
N»  3  * 

NSSYS-6. 

NNtl)-6*l, 

ISI  t  1,1)-1, 

ISI  t  l«2>-2« 

ISI t  l*3)-3* 

IS  I  t  l»4)-<»* 
ISI(l,S)-S, 
ISK  1,61-9, 
NKOt 1 )-6«0, 
10(1,1,11-3.0, 
10(1,1,21-3.0, 
TQ(l,l,3)-3.0, 
rot  1,1,^ )-3.0, 
TOt  l,l,S)-3.0, 
TOt l,l,6)-3.0, 
PA( 1,1,1 )-0.0, 
PAt l,l,2)-0,0, 
PA( l,l,3)-0.0, 
PA(  1,1  ,<,)-0.0, 
PA(1,1,S)«0.0, 
PAt 1 ,1,6)-0.0, 
tENO 


7.1 


iAPPIN 

N-A, 

NSSYS»6» 

NN( I 
ISI 

ISK  L«2)-2« 

ISnii31*3» 

ISI  < 1*61-9, 
NRO(  U-6*0, 

TO*  111* l)-3.0* 
T0( l*l*2»*3.0* 
T0I1*1*3)*3.0* 
T0(  l*l*<i»-3.0* 
T0Il*l*5»-3.0* 
T0( L*l*6»-3.0, 
PA( L*L* ll-O.O* 
PA<  1*1*2  »-0.0* 
PA(  1*1*31-0.0* 
PA( l,l*A)-0.0* 
PA(l*l*5>-0.0* 
PA( I* l*6)-0.0, 
SEND 


iAPPIN 

N-S* 

NSSYS-6* 

NN( l»-6*l* 

ISI ( 1*1  1-1* 

ISI ( 1*21-2* 

ISI ( 1*31-3* 
ISI(1*A»-A, 
ISI(1*5I-S* 
ISII l«6)-9, 
NRa(ll-6«0* 
T0(l*l«ll-3.0 
10(1*1*21-3.0 
T0(k«l*3)-3.0 
TO! l«l*AI-3.0 
T0(l*l*^l-3.0 
T0( 1*1*61-3.0 
PAIlil, 11-0.0 
PA( 1*1*21-0.0 
PA( 1*1*3  )-0.0 
PA( 1,1* A)-0.0 
PA(l*l*5l-0.0 
PA( l,l,6)-0.0 
SEND 
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tAPPIN 

N-6« 

NSSYS-6» 

KN(L1-6*1« 

[S [( l«2i-2« 
ISnLt3)-3* 

ISl I 1.4)-4, 
ISI(lt5)-5, 
ISI(l«6)-9, 
NRQ( 1 )-6*0« 

TOf 1«1« 1 )-3.0« 
T0(ltl«2)-3.0« 
rot  ltlt3)>3.0* 
TOCltl. ^1-3.0, 
TO* l»l»5»-3.0» 
TO* ltI«6)-3.0« 
PA*l,LtLI«0.0« 
PA* l«lt2l-0.0« 
PA*  L«1 *3 )«0.0t 
PA*i«l«A}*0.0« 
PA* l,l«5l«0.0» 
PA*  1«1»6)*0.0» 
if  NO 
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APPENDIX  B 


This  appendix  contains  the  first  portion  of  the  STEP  output. 
The  listing  presented  Is  simply  the  Input  data  reformatted  and 
provided  as  STEP  output.  It  Is  obtained  by  setting  INP0UT=1  In 
the  Input  file. 
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HARNIMG.  MULTiPLii  SUBSYSTtM  OPTIONS 
INOoNSiSrANT  WITH  MODl  2  OPtRATION. 
GLOBAL  I.IFi--CYLL£  COST  DUTPUT  WILL 
OVEkZSTIHATlD 


APPENDIX  C 


This  appendix  contains  Che  STEP  LCC  analysis  output.  The 
analysis  in  this  appendix  was  run  on  the  PRICE  MTBF  figures,  with 
INPOUT-1  and  ISKIP-0. 

INPOUT-1  provides  for  input  listing  in  the  STEP  output 
(Appendix  B) . 

ISKIP-0  provides  for  standardization  benefits  to  be  accounted 
for  in  the  STEP  model  execution. 

In  the  MODE  2  analysis.  In  the  output  after  each  aircraft 
iteration,  a  warning  sign  is  printed.  The  warning  states: 

"Warning.  Multiple  subsystem  options  inconsistent  with 
MODE  2  operation.  Global  life  cycle  cost  output  will  be 
overestimated." 

This  warning  message  should  be  ignored,  as  this  is  due  to  an  error 
in  the  program  code.  Global  life  cycle  costs  will  not  be  over¬ 
estimated.  This  will  be  corrected  in  an  updated  version  of  the 
STEP  model. 
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